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SURGICAL APPROACH FOR INCISION AND DRAINAGE OF 
NONPURULENT AND PURULENT PERICARDIAL EFFUSIONS 


J. K. DonaALpson, M.D.* 
LirtLe Rock, Ark. 


AS ail might question the propriety of the above title. None of the 
current surgical or medical texts recommend cpen incision for re- 
lief of nonpurulent pericardial effusions.” * **'! Repeated aspiration 
of such effusions, if cardiac tamponade indicates, has been generally ac- 
cepted as the proper procedure. Open incision has been avoided from 
fear of secondary infection and conversion of the effusion into a puru- 
lent one. Graham and Blades, writing for Cole and Elman* concisely 
express the generally accepted views when they say: ‘‘In many respects 
the condition (pericardial effusion) from a diagnostic and therapeutic 
aspect may be regarded in a manner similar to that of an empyema. If 
aspiration reveals definite pus an operation for drainage of the peri- 
cardium should be advised. If it is not definite pus an open drainage 
should not be undertaken. ”’ 

Bickham’s monumental work on operative surgery, published in 1924, 
stressed the dangers of pericardicentesis. Among discussion of other 
dangers, Bickham cited Matas as listing nine deaths which occurred 
within two hours, out of eleven instances in which the heart was pune- 
tured. Matas cited three cases of pleural infection from pericardicente- 
sis, several cases of wound of the lung and of the internal mammary 
arteries, and seven sudden deaths which he says (according to others) 
were supposed to be due to emotional causes in the patients with 
endocardial and myocardial lesions. Matas also mentioned potential 
damage to the coronary vessels. 

Bickham‘ said: ‘‘It is of practical importance to note there is a 
marked tendency toward the entire abandonment of pericardial pune- 
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ture, for any and all purposes, as a dangerous and blind procedure, at 
best—and the substitution of pericardial incision, as an open and much 
safer procedure, in all cases where the pericardium must be explored, 
or in any way invaded.’’ Certainly if there was a marked tendency in 
1924 toward abandonment of pericardicentesis, this movement. itself 
was abandoned. However, Babcock? in his splendid textbook published 
in 1928 did recommend without further comment, pericardiotomy with- 
out drainage, for tuberculous pericardial effusions. 

Horsley and Bigger’ assert: ‘‘Pericardicentesis is performed in the 
treatment of tuberculous pericarditis or other lesions with effusion in 
the pericardium—and as a therapeutic procedure in traumatic hemo- 
pericardium.’’ They further state, ‘‘ Attention should be called to the 
fact that it (pericardicentesis) is not always as safe a procedure as 
clinicians sometimes seem to think—,’’ and mention injury to coronary 
vessels and structures about the heart as the chief dangers. They point 
out specifically that in suppurative pericarditis the coronary vessels may 
be adhered to the anterior portion of the pericardium and that ‘‘the 
heart occupies an anterior position’’ in suppurative pericarditis. 

We believe that pericardicentesis is a relatively dangerous procedure ; 
that with it, it is very difficult sometimes and occasionally impossible to 
relieve a cardiac tamponade caused by even nonpurulent effusions; that 
open incision may be used to relieve tamponade from nonpurulent ef- 
fusions providing the proper approach is used; that the principles of 
Larrey’s subcostal approach combined with a low anterior approach to 
be deseribed are better than the more popular anterior approaches 
which resect one or more of the fourth to sixth cartilages. 

In preparation for further discussion, it is best that some review of the 
currently popular methods of draining acute purulent pericardial ef- 
fusions be given. 

Horsley and Bigger,'* after discussing the anterior, posterior, and 
lateral approaches with which most thoracic surgeons are familiar and 
after mentioning the costoxiphoid and transsternal routes, state that 
they prefer to resect the fourth and fifth cartilages, dividing the fourth 
intercostal bundle. They point out that some care is to be used in open- 
ing the pericardium anteriorly since sometimes the heart is adhered in 
this area in purulent pericarditis. They state that though it is claimed 
by some authors that more dependent drainage is obtained by resection 
of the fifth and sixth, or sixth and seventh costal cartilages, they be- 
lieve since the sixth cartilage is fused with those below it, there would be 
some danger of infecting the entire left costal arch when this cartilage is 
resected. 

Cutler (Dean Lewis’ book on surgery™®) says in speaking of peri- 
eardiotomy for a purulent pericarditis: ‘‘It (the incision) should by 
choice be placed as low as possible. It was for this reason that Larrey, 
after his original studies, placed the incision at the costal edge close to 
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the xiphoid. This, however, necessitates some separation of the inser- 
tion of the diaphragm and may add the risk of extending the infection 
to the abdominal or thoracic cavities. Cases in which the sixth or 
seventh costal cartilages had been removed close to the sternum seemed 
to have drained satisfactorily.’’ 

Beck in Christopher’s textbook,’ says the approach for drainage of 
purulent pericarditis consists of removal of the fifth left costal cartilage 
and suture of the pericardium to the skin. ‘‘A more extensive operation 
is not necessary.’’ 

Homans"! makes an approach under local anesthesia through the 
seventh costal cartilage, resecting it. If necessary, he carries the dissee- 
tion upward behind the sternum in the midline pulling the pleura away 
if it is encountered, ligating the internal mammary artery only if neces- 
sary. He explores the pericardial sac with the finger if indicated, gain- 
ing access to any pockets present. 

Blalock, in discussion of one of Bigger’s papers’ says: ‘‘As Dr. Big- 
ger indicates, there is no very satisfactory method of draining the peri- 
cardium, and it seems to me that taking out the fourth and fifth ribs 
and part of the sternum will probably result in fewer instances of con- 
strictive pericarditis.’” The relative infrequeney of pericarditis which 
militates against any one surgeon obtaining a large personal series, as a 
rule, is indicated by Blalock’s statement that only thirty-three cases with 
diagnosis of acute suppurative pericarditis which was confirmed were 
seen at Vanderbilt Hospital during the preceding eleven-year period. 

Shipley’® rather recently reported twelve cases of pyopericardium 
which he operated ; there were seven recoveries and five deaths. And he 
said that in his last two cases he had used a modification of the usual 
approach through the much talked of ‘‘triangle of safety.’’ He describes 
his latter approach as a low anterior one which gives wide exposure of 
the uncovered pericardium between the margins of the two pleurae, 
which brings the margin of the left pleura into view and exposes the left 
internal mammary vessels just above the diaphragm. 

He further discusses the posterior and lateral approaches, but be- 
lieves that only in unusual eases are these approaches better and closes 
with the statement: ‘‘I believe that the low anterior approach (resec- 
tion of the seventh costal cartilage) is better than the high parasternal 
one through the level of the fourth and fifth costal cartilages. Tube 
drainage with two small tubes, placed with the finger, behind the heart 
and fastened to the skin margins to prevent displacement will expedite 
drainage and irrigation may be a useful adjunct, provided fluid escapes 
from the pericardial sae as fast as it is introduced.’’ He cites Trues- 
dale’s?? experience with resection of the fourth and fifth costal ecar- 
tilages as being unsatisfactory and relates Truesdale’s more pleasant 
experience in a subsequent case with resection of two inches of the 
seventh and eighth ribs with re-establishment of thorough drainage. 
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Bickham,‘ in a classification of routes and methods of pericardiotomy 
(Schwartz), describes most of the anterior approaches which have been 
given above. He also mentions the ‘‘epigastric route’’ meaning un- 
doubtedly Larrey’s xiphocostal angle or subcostal approach; but he does 
not describe the method, giving only the technique for the anterior ap- 
proaches which are now in common use. 

Rose and Carless'* say that drainage is best carried out by resection 
of the fifth costal cartilage. 

Graham, Singer, and Ballon? list first the usual types of anterior ap- 
proaches mentioned above. They describe also Allingham’s subcostal 
approach to the pericardial cavity, properly pointing out that this pro- 
cedure is but a modification of Larrey’s approach. 

In review and summary of the above, it may be seen that the follow- 
ing facts apply. 

1. It is generally accepted that open incision and drainage of non- 
purulent pericardial effusions is considered improper ; that such effusions 
are to be relieved when cardiac tamponade indicates it, by pericardi- 
centesis. 

2. The more popular surgical approach for draining purulent peri- 
cardial effusions is some type of anterior approach, with resection of 
more frequently the fifth, or fourth and fifth costal cartilages. Some 
men with wide experience, as Shipley,’® 7° advocate a low anterior ap- 
proach with resection of the seventh cartilage in an effort to obtain 
more dependent drainage. 


AUTHOR’S EXPERIENCE WITH INCISION AND DRAINAGE OF NONPURULENT AND 
PURULENT PERICARDIAL EFFUSIONS WITH A SUBCOSTAL APPROACH 


I became acquainted with the recent work of Rives and Baker’® re- 
garding the anatomy of the diaphragm, in 1941, through personal con- 
versation with Rives at the New Orleans Postgraduate Assembly and 
have followed with interest, Rives’ subsequent work on diaphragmatic 
hernia as it is related to these newer conceptions of diaphragmatic at- 
tachments. 

These men seem to have proved that the diaphragm is continuous with 
the transversalis muscle, being separated from the latter only by a 
tendinous raphe; that previous conceptions of diaphragmatic attach- 
ments being multiple individual fascicular ones as described in current 
anatomy texts are in part erroneous. They have stated that the dia- 
phragm may be separated relatively easily from its sites of adherence to 
the lower costal surfaces, and that after this separation is done the 
diaphragm may be depressed downward as a domelike intact roof of the 
peritoneal cavity, continuous with the transversalis.* Our experience 
at this time would indicate that these conceptions are proper and that 


*Rives and Baker’ state that following their work, they found that Sir Arthur 
Keith had previously stated that the diaphragm was continuous with the transversalis 
=" but evidently credit must go to Baker and Rives for clarifying the subject 
ully. 
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they will modify certain aspects of thoracic surgery which we will not 
diseuss here. And though we certainly wish to make it clear that we 
know the operative approach which we deseribe for nonpurulent ef- 
fusions has been used in principle before, for purulent pericardial ef- 
fusions, the approach was apparently not based upon exactly proper 
conceptions of diaphragmatic attachments. 

The principles of the subcostal approaches as they have been de- 
scribed previously are simply that an incision is made from just below 
the xiphoid process in the midline to the left for a variable distance, 
three to four inches, along and below the costal margin. The left rectus 
muscle is incised or retracted, as necessary to gain exposure, descriptions 
say, to the diaphragm. Descriptions continue by saying that one finds 
the plane of dissection between the attachments of the diaphragm cutting 
the fibers of the diaphragm if necessary until the pericardium is ex- 
posed. 

Turning over in our minds the conceptions of Baker and Rives and 
being freed from the belief that the diaphragm was attached by im- 
portant individual ‘‘fasciculi’’ and ‘‘by broad fleshy serrations from the 
inner surface of the sixth lower costal cartilages and from the eleventh 
and twelfth ribs .. .’’'* and perceiving the ease, in a trial dissection 
on a cadaver, with which the diaphragm could be freed from its ad- 
herence anteriorly to the sternoxiphoid region and the ribs, without 
danger of tearing down important ‘‘individual fasciculi and fleshy 
serrations’’ and without cutting into fibers of the diaphragm or tearing 
into them, we reasoned that in properly indicated cases an open incision 
could well be made into a dependent part of the pericardial cavity by 
the simple technique described here, that even though nonpurulent 
effusions were drained in this manner, the parts would fall back into 
place and institute sufficient valvular closure as the abdominal wall 
tissues were closed to do away with danger of secondary infection, or at 
least offer as little danger as would be offered by ordinary pericardi- 
centesis. We are of the opinion that under proper conditions and in 
the hands of a surgeon experienced in the procedure, the operative 
dangers are certainly less than those offered by an attempt at peri- 
cardicentesis in the hands of the inexperienced, if not in the hands of 
even the more experienced. 

REPORT OF CASES OF NONPURULENT EFFUSION RELIEVED BY OPEN INCISION 

CaSE 1 (Hospital No. 21192).—A. J., a white woman, aged 25 years, was 
admitted to University Hospital, July 16, 1941, with a diagnosis of acute nephritis. 

The patient had been delivered of twins at full term, two weeks previous to 
admittance. 


She gave « history of generalized swelling of the abdomen, legs, and face of 
four and ore-half months’ duration. 


To physical examination, she was dyspneic on slightest exertion in bed, presented 
the typical findings of cardiac tamponade from effusion, had marked swelling of 
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the dependent parts, and had considerable ascites for which she had paracentesis 
repeatedly done by the medical service. 

She showed ‘‘many’’ granular casts in the urine, red blood cells, and a 4 plus 
albumin. 

After the patient was seen in consultation, pericardicentesis was attempted with 
the patient in her bed in a semirecumbent position. The elected site for the needle 
puncture was in the sixth interspace to the immediate left of the sternum. See- 
ondarily an attempt was made through the fifth interspace to the immediate left 
of the sternum. 

Just as the needle entered the pericardial cavity through the sixth space, 4 to 5 
e.e. of thin, rather dark serosanguineous effusion were withdrawn. No more fluid 
could be procured without too deep insertion of the needle. A small trocar and 
cannula were introduced. Just as the pericardium was punctured, a few additional 
cubic centimeters of serosanguineous fluid were withdrawn, but this was all and 
pericardicentesis, after a trial in the fifth space, was abandoned because the heart 
seemed to be riding very near the anterior aspect of the pericardium and could be 
felt against the cannula. 

On July 26, 1941, about 700 ¢.c. of serosanguineous thin pericardial fluid were 
removed by pericardiotomy under local anesthesia by technique described below. 
The patient was immediately relieved of her dyspnea and obtained no shock from 
rapid removal of the fluid. 

She was discharged on Aug. 18, 1941, by the medical service, free from dyspnea, 
edema, and ascites. There was an occasional fine granular cast in the urine, a 1 plus 
albumin, and a few red blood cells. There was no subsequent return of pericardial 


effusion. 


CASE 2 (University Hospital No. 23547).—O. N., a colored male, aged 20 years, 
was admitted Sept. 21, 1941, and was diagnosed by the medical service as having 
rheumatic fever with pericardial effusion and ascites. 

Large quantities of straw colored thin effusion were aspirated by the medical 
service from the peritoneal cavity and medical treatment, including the giving of 
mercupurin, was carried out in an attempt to relieve the patient. 


The surgical service was requested in consultation regarding relief of serious 


cardiac tamponade on Oct. 17, 1941. 

On Oct. 18, 1941, we made open incision into the pericardial cavity under local 
anesthesia, by technique to be described later, and 700 to 800 ¢.c. of slightly cloudy 
thin straw colored effusion drained from the pericardial cavity. (The patient was 
not turned in semiprone position to assist in carrying out complete emptying as 
we did in subsequent cases.) 

Guinea pig inoculation and culture specimens of this fluid were found negative. 

Following the operative procedure, the patient was relieved of his dyspnea, but 
on Nov. 13, 1941, reaccumulation occurred to the extent that additional procedure 
seemed indicated. At this time, 1210 ¢.c. of cloudy straw colored fluid with a 
specific gravity of 1.018 (no pyogenic infection had occurred and the character 
of the fluid was the same as that found at the operation of October 18) were 
removed by the medical service by pericardicentesis and the patient was discharged 
because of need for beds.* 

*This patient returned later with a recurrence of straw colored, thin, slightly 
cloudy pericardial effusion, and about 1000 c.c. were removed on two subsequent occa- 
sions by the same pericardiotomy technique previously used except that effort was 
made to avoid, as much as possible, the old incision sites. The last approach was 
made more from the right side. No secondary infection occurred following this the 
third time the pericardial cavity had been opened. A positive culture of tubercle 
bacilli was obtained from this last specimen. The patient improved appreciably and 
was discharged in two or three weeks by the medical service because of the need 


for hospital beds. No fluid had recurred but the patient has not been seen sub- 
sequently. 
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CasE 3 (University Hospital No. 24181).—J. A 
was admitted on Oct 15, 1941, with marked dyspnea of eight months’ duration. 


., a colored male, aged 40 years, 


The medical service made a tentative diagnosis of pericardial effusion, ascites, 


and myocarditis (Fig. 1) of unknown etiology (possibly nephritic) 


On Oct. 20, 1941, at the request of the medical service, pericardiotomy was done 
by technique to be described later and about 400 ¢.c. of thin straw colored’ fluid 
drained from the cavity (Fig. 1). 

Very little, if any, pericardial effusion recurred but the patient expired Nov. 
10, 1941, from myocardial failure, possibly associated with uremia. 


Fig. 1.—Kymogram showing some fluid in pericardial cavity. 


Fig. 2.—Showing small incision made under local anesthesia, for drainage of non- 
purulent effusion causing cardiac tamponade, as described in the technique. 
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Guinea pig inoculation of the fluid, smears, and cultures were negative. 
Following operation, until death, there was no evidence of infection in the peri- 
cardial cavity or of return of appreciable, if any, pericardial effusion. Autopsy 


was not obtained.* 


PNEUMOCOCCIC SEPTICEMIA AND ACUTE PURULENT PERICARDITIS 
WITH RECOVERY 
CASE 4 (University Hospital No. 24365).—A. K., a white female, aged 2 years, 
was admitted Oct. 20, 1941, with a history of an onset of pneumonia one month 
previously. The patient was in distress with serious cardiac tamponade from a 


pneumococcic pericardial effusion (Fig. 3). 





Fig. 3.—Showing large amount of effusion in pericardial cavity and some _ pleural 
effusion. 


On October 21, by technique to be described later, about 750 ¢.c. of cream colored, 
pneumococcie pus was drained from the pericardial cavity and the cavity thoroughly 
irrigated with warm isotonic saline solution. On this date the technique used for 
drainage was that described for draining nonpurulent effusions (Fig. 4). (A cath- 
eter was left in place, however, down to the opening in the pericardium in con- 
tradistinction to the gauze wick drain which is used for the nonpurulent effusions 
and which is removed within twenty-four hours.) 

The child’s temperature had been spiking to 104.5 to 104.9° F. preceding opera- 
tion. After operation, ‘her dyspnea was relieved, but temperature continued to 
range between 102 and 103° F. and occasionally up to 105°. On Nov. 6, 1941, a 
positive blood culture of pneumococci type I was obtained. Heavy doses of sulfon- 

*Another case of nonpurulent, slightly cloudy straw colored pericardial effusion 
(900 ¢.c.) occurring in a white woman, aged 72 years, has subsequently been drained 
successfully under local anesthesia by the method described here, without secondary 
infection occurring. This makes six consecutive operations (with three on one 
patient) in which the procedure has been used for nonpurulent effusions without 
any untoward results. The small series has raised some interesting questions in 


our minds regarding additional therapeutic possibilities in certain of the nonpurulent 
effusions but discussion regarding these is not proper here. 
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amides were given while the patient was on the pediatrie service and on Nov. 9, 
1941, pneumococcie serum was administered. Temperature dropped to a daily high 
of 102° F. It was also believed that insufficient irrigation and drainage of the 
pericardial cavity were being procured. 

On November 13, we resected the seventh left costal cartilage (Fig. 5). As 
the resection was done, pus began to ooze freely from the depths of the old wound. 
We severed the seventh rib bed transversely (parallel with and adjacent to the 
sternum) gaining free exposure to the pericardium. About 350 ¢.c. of purulent cream 
colored pus was drained from the pericardial cavity by transverse incision into the 
inferior portion of the sac. The child was placed in a semiprone position on the 
operating table and thorough irrigation of the pericardial cavity carried out with 
warm isotonic saline solution through a catheter inserted inferiorly and posteriorly 


Fig. 4.—Incision as described in the technique given for nonpurulent effusions 
which was used in this case of purulent pericarditis. Resection of the seventh costal 
cartilage was done subsequently (see Fig. 5). 


to the heart. The catheter tip was then placed just to within the cavity, and fixed 
in place by suturing to the superficial tissues as the operative wound was closed 
(Fig. 5). The tip of the catheter did not come in contact with the beating heart. 


The temperature dropped to normal next day. At the time she entered the hos- 
pital, the child had presented a small amount of effusion in the left pleural cavity 
(Fig. 3). On Dec. 1, 1941, 400 ¢.c. of purulent pneumococcic effusion were aspi- 
rated from the left pleural cavity. Two abscesses were also opened on the left 
thigh. Sulfonamides were continued. Sodium sulfapyridine irrigations into the 
pericardial cavity were carried out three times daily through the indwelling catheter 
for a period of two weeks, beginning Nov. 17, 1941. Warm isotonic saline irriga- 
tions and 1:1000 mercurochrome were used prior to this time. The child was dis- 
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Fig. 5.—Previous incision was extended upward and the left cartilage was _re- 
sected; irrigation was done through the single catheter by intermittent instillation 
and gentle suction with bulb type syringe. 





2 | 
ea 
Fig. 6. Fig. 7. 


Fig. 6.—Kymogram of Case 4 taken a few days before the patient was discharged 
from the hospital; compare with Fig. 3. 
Fig. 7.—Same child as of Figs. 4 and 5, one month after discharge from hospital. 
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charged, Jan. 28, 1942, as recovered from the septicemia and pericardivis (Fig. 6). 
Three negative blood cultures had been obtained. All wounds were healed. She 
was seen one month later in the chest clinie completely recovered and all wounds 
healed (Fig. 7). 

At the first operation Oct. 29, 1941, the thin fascia in the midline was inad- 
vertently incised and a small nick made in the peritoneal cavity. This was tightly 
sutured and the operation was proceeded with. The child showed no symptoms 


whatever, postoperatively, of peritonitis. 





Fig. 8.—These illustrations diagrammatically show the technique used for drain- 
age of nonpurulent effusions and may be understood easily by referring to the 
description given of the technique of drainage for nonpurulent effusions. 


TECHNIQUE OF SUBCOSTAL AND LOW ANTERIOR APPROACHES FOR INCISION AND 
DRAINAGE OF THE PERICARDIAL CAVITY 


For Nonpurulent Effusions—An incision about three inches long is 
begun in the midline, just to the right of the midline, or just below the 
tip of the xiphoid process (Fig. 8). It is extended laterally, one to 
one-half inch below the costal margin and along its curve. The anterior 
rectus sheath is incised transversely one-third to one-half its breadth in 
its mesial portion, and the left rectus muscle retracted laterally or in- 
cised transversely for about one-third its breadth. Special care should 
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be used to avoid entering the peritoneal cavity in the midline since the 
fascia is thin here and blends quite closely to the peritoneum. 

Having retracted the left rectus laterally, the finger is inserted up- 
ward anteriorly to the fascia of the posterior rectus sheath which blends 
in the midline with the fascial layers of the muscles of the abdomen 
posterior to the rectus. The finger is manipulated closely to the poste- 
rior aspect of the xiphoid and adjacent sternum in the midline and as far 
laterally on the costal margin as one cares to go. The fascia is easily 
freed. And since the diaphragm and transversalis muscle are continu- 
ous as a sheath, one is able with this maneuver, to peel the diaphragm 
away with little trouble and without fear of tearing into it, or of tear- 
ing down important ‘‘fasciculi or fleshy serrations,’’ providing he uses 
this dissection (the blunt finger dissection alone will usually suffice) 
close to the ribs and sternum. After this is done, if one looks up under 
(posterior to) the sternum as he retracts the bony and ecartilagenous 
parts anteriorly, he sees he does not encounter the pleura or the lungs 
but finds the anterior mediastinum open to him. The fascial cover- 
ings over the peritoneal cavity at this point are quite thin and unless 
some judgment is used in identifying these layers and the pericardium, 
they blend so much together that one could incise the peritoneum be- 
lieving it to be the bulging pericardium. This point is not to be taken 
as too serious a handicap, however, and with reasonable judgment the 
peritoneum will not be incised. An aspiration needle is carefully in- 
serted into the pericardium to identify it and specimens of the pericard- 
ial effusion are procured for bacteriologic study before the pericardium 
is incised, 

The pericardium is then incised transversely in its inferior aspect for 
one-half to one inch. One should then rotate the patient forward on 
the operating table to a semiprone position to permit the pericardial 
cavity to be emptied freely. With reasonable care this can be done 
without fear of contaminating the operative field. If this is not done, a 
complete emptying of the posterior recesses of the cavity may not be ob- 
tained. We do not irrigate the cavity in the nonpurulent type of effu- 
sion. Additional experience might possibly show that irrigation with 
aniline dye solutions or other antiseptic solutions at the operating table 
would be of value in tuberculous or rheumatic effusions, but this sugges- 
tion is offered dubiously. 

After as complete emptying as possible has been done, the patient is 
replaced in the supine position and a small twisted gauze wick is placed 
down to the pericardial opening but not into it. This permits a further 
exodus of fluid during the next twenty-four hours. 


The rectus muscle is then permitted to fall back into place and one 
to three interrupted sutures of chromic 00 catgut taken into it if it has 
been incised. The anterior rectus sheath which has been partially in- 
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cised transversely is then sutured by two or three interrupted sutures 
of chromic 0 or other satisfactory suture material and the usual closure 
sutures taken through the skin, and the subcutaneous structures if in- 
dicated. The small twisted gauze wick (not rubber) is left protruding 
from the incision. The wick is removed in twenty-four hours, the pa- 
tient having been turned when awake to the prone position at three-or 
four-hour intervals for thirty-minute periods during this time to facili- 
tate emptying of any effusion which might not have been drained at 
operation. 





Fig. 9.—These illustrations show the technique used when the seventh costal 
cartilage is resected and may be understood easily by referring to the technique 
given for purulent effusions. The bit of cartilage shown adjacent to the sternum 
in the second illustration is in error, it being better to remove this cartilage adja- 
cent to the sternum and to make the incision through the rib bed parallel and 
immediately adjacent to the sternum to avoid the internal mammary artery which 
lies 2 to 2% cm. lateral to the sternum in this area. The single catheter (see Fig. 
5) was used in the case reported and it worked admirably in this case. Some au- 
thors will prefer to suture the incised pericardial edges to superficial structures, while 
others will place two tubes into the pericardial cavity irrigating through one and 
permitting outflow through the other. Any method which permits free postoperative 
irrigation and drainage at this site is satisfactory. After a sinus is created a bulb 
syringe often can be used for the irrigations (supplemented by prone position drain- 
age) and the catheter or catheters discarced. 


For Purulent Effusions—It is probably best that a type of low ante- 
rior approach described by Shipley and others,'® 7° namely by resection 
of the seventh left costal cartilage (Fig. 9), should be used in purulent 
effusions in preference to the technique deseribed above for draining 
nonpurulent effusions (and in preference, we believe, to higher anterior 
approaches). It is entirely possible that by technique deseribed here 
for nonpurulent effusions, a catheter could be fastened with its tip ex- 
tending just into the pericardial cavity and that sufficient irrigation 
and drainage could be carried out in many cases. But secondary infee- 
tion is not to be feared often in the purulent effusions. And after 
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resection of the seventh cartilage a catheter usually may be kept more 
easily in place and reinserted even if it should become misplaced. It 
has been noted that our experience with the subcostal approach with- 
out resection did not turn out satisfactorily in the case of purulent 
effusion reported and resection of the seventh cartilage was done later. 


When the cartilage is to be resected, one starts his incision just medial 
to the left sternal margin and parallel with it, crosses the seventh 
cartilage and swings the incision laterally along the inferior aspect of 
the rib margin for two to three inches (Fig. 9). The soft tissues are 
dissected and retracted. The perichondrium of the cartilage is then 
stripped and the cartilage resected for one or two inches from adjacent 


to the sternum. 

The pericardial cavity having been identified by aspiration, an in- 
cision is made into its dependent aspect and irrigation carried out freely 
with isotonic saline or bland antiseptic solutions. If necessary, pockets 
are broken down by digital manipulation. The patient is also rotated in 
semiprone position to assist in complete emptying of the cavity. After 
the return flow and irrigations are clear, and all fluid possible has been 
drained, the catheter is left with its tip to just within the pericardial 
cavity (or Shipley inserts a soft catheter tip inferiorly and posteriorly 
to the heart). The catheter is sutured in position to superficial strue- 
tures as the wound is closed, and is left in place for subsequent irriga- 
tions (see legend of Fig. 9); Shipley uses two tubes in the pericardial 
cavity, one for inflow and the other for outflow of irrigating solution. 


COMMENT 


The limited number of cases of nonpurulent effusions which we have 
drained by open surgical incision might, in the minds of some, be an in- 
sufficient number to offer in this presentation. However, the oppor- 
tunity to obtain a large series of cases suffering from nonpurulent effu- 
sions causing tamponade, in a relatively short length of time, is limited 
for most surgeons. And the results in the cases we report, and (to us) 
the logical assumptions which Jead us to use the method described, as 
well as the satisfactory results we obtained, cause me to present this 
discussion without timorousness. 

It is true that there are many nonpurulent effusions which are ab- 
sorbed and which never cause cardiae tamponade of serious proportion. 
Generally accepted views regarding the etiology of these nonpurulent 
effusions are that they are usually associated with rheumatic fever, tu- 
berculosis, uremia, Pick’s disease, or sometimes, as with xanthematous 
disease, as scarlet fever without progressing to purulent effusions.* © 7 * 
10,11 Tt is generally stated that especially in rheumatic fever the 
effusions do not usually reach serious proportions and are absorbed 
generally without necessity of removing them for cardiae tamponade. 
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In tuberculosis one frequently may have generalized infection which 
makes the patient’s outlook rather hopeless regardless of what is done. 
But the eases do occur, as the first case cited above, in which pericardio- 
centesis could not be done and in which instance open incision was 
lifesaving. 


SUMMARY AND CONCLUSIONS 


1. This paper offers some evidence that there should be a reconsider- 
ation of generally accepted views that open incision into the pericardial 
eavity for nonpurulent effusions is always contraindicated. 

2. Reports are presented on four patients (six operations) suffering 
from serious cardiac tamponade from nonpurulent effusions who were 
relieved by open incision without secondary infection occurring within 
the pericardial cavity. 

3. The surgical approach described for nonpurulent effusions is simply 
a modification of Larrey’s costoxiphoid angle approach based on Baker 
and Rives’ conception of the anatomy of diaphragmatic attachments. 
The method can’ be carried out under local anesthesia in adults and 
valvular closure of structures of the abdominal wall should offer as 
little opportunity for secondary infection in the pericardial cavity as 
pericardicentesis. 

4. One ease of recovery from pneumococcie pericarditis and sep- 


ticemia is reported. The surgical approach used was the ‘‘low anterior 
approach’’ with resection of the left costal cartilage. 


Since this paper was submitted for publication two additional cases of purulent 
pericardial effusion with septicemia have come under observation. One patient was 
hopelessly ill when first seen. The other, staphylococcie etiology, will probably re- 
cover and we believe the elementary point of intermittently turning the patient in 
prone position to supplement drainage during irrigations to be of value. 
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THE MANAGEMENT OF PULMONARY TUBERCULOSIS 
COMPLICATED BY BRONCHIAL TUBERCULOSIS 


Wits Spectra, REFERENCE TO THE USE oF ARTIFICIAL PNEUMOTHORAX 


T. N. Rarrerty, M.D., ano D. O. Suteips, M.D.* 
NortHvinLe, Micu. 


UBERCULOUS infection of the trachea and major bronchi as a 

complication of pulmonary tuberculosis has received much attention 
in the past few years. Although it has been recognized for some time by 
pathologists, its clinical importance was not widely realized until the 
appearance of an article by Barnwell, Littig, and Culp in 1937.1. Since 
then, numerous papers have been published. While many of these have 
been valuable contributions to our knowledge of the subject, they have, 
nevertheless, been concerned primarily with bronchoscopic aspects, 
pathogenesis, diagnosis, or over-all effect on prognosis; relatively little 
attention has been paid to the extremely complex question of treatment 
of the associated parenchymal disease. Riggins? reports that he does not 
consider bronchial tuberculosis a contraindication to collapse therapy. 
In analyzing his experience with 100 cases, he states that 55 per cent 
received collapse therapy, while 45 per cent did not. However, he does 
not differentiate between the various collapse measures nor does he com- 
pare the incidence of complications in the collapse and noncollapse 
group. Myerson* deseribes his experience with 160 cases of proved 
bronchial tuberculosis, some of which were observed for more than five 
years. Although he has been particularly interested in bronchoscopic 
aspects, he says, ‘‘the prognosis in these patients appears to be very good. 
None of my patients have died because of the immediate effect of the 
bronehial lesions.’’ The exact meaning of this statement is not clear, 
but the implied benign nature of the complication is an observation at 
ereat variance with that of most recorded experiences. He further says, 
‘fas soon as the bronchial lesion is observed, pneumothorax becomes 
superfluous as it collapses all the functioning tissue unnecessarily.’’ 
Again, the meaning is not clear, for in most of these cases both the 
parenchymal disease and bronchial disease constitute therapeutie prob- 
lems. His general conclusions are that local treatment of the uleer is of 
no valuet and that pneumothorax is ‘‘superfluous.’’ 


From the William H. Maybury Sanatorium (Detroit Municipal Tuberculosis 
Sanatorium) Northville, Mich. 


Received for publication, April 22, 1942. 
*Now located at Grasslands Hospital, Valhalla, N. Y. 


7The consensus of opinion of those who have had extensive experience with local 
treatment is that, while it is in no sense a specific ‘“‘cure,” it is of definite value. The 
use of 30 per cent silver nitrate seems to reduce granulations, increase the rate of 
healing and probably decrease the amount of stenosis associated with healing.* ® 1, 13 
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Recently, studies have been made which attempt to evaluate critically 
various collapse measures, in the presence of bronchial tuberculosis, par- 
ticularly with the stenotie type of lesion. Tuttle, O’Brien, Day, and 
Phillipst and Alexander, Sommer, and Ehler*® each report series in 
which the interest was solely with the stenotic type of lesion. They are 
of the opinion that under such circumstances thoracoplasty is a relatively 
effective procedure. The former group also stresses the fact that, in 
general, pneumothorax is not only ineffective but dangerous. In those 
cases with extreme stenosis, particularly when undilatable, both favor 
the early use of thoracoplasty to reduce the size of the pulmonary bed 
and thus discourage late suppurative changes in the lung distal to the 
stenosis; this course is advocated whether or not the parenchymal tu- 
berculous disease requires collapse therapy. Chamberlain and Gordon® 
compare the results obtained with pneumothorax and thoracoplasty in 
forty-seven eases of pulmonary tuberculosis with proved bronchial 
tuberculosis. With thoracoplasty, they report 88 per cent as apparently 
arrested or improved, as compared to 33 per cent with pneumothorax. 
The fatality rate with pneumothorax is also much greater and they com- 
ment on the dangers of this form of treatment. These three studies are, 
as a group, the first which attempt to analyze the fundamental problems 
involved in treatment of these cases. 


DATA 


It was thought that examination of the complications arising during 
the administration of pneumothorax in these patients would demonstrate 
clearly the basic principles which should govern an intelligent approach 
to treatment. For this reason, we chose for study forty unselected, con- 
secutive cases in which bronchial tubereulosis was demonstrated by 


TABLE I 


SUMMARY OF 40 CASES IN WHICH PNEUMOTHORAX Was USED 











CASES PER CENT 
Discharged as apparently arrested 3 32.5 
Discharged as quiescent if H 17.5 
Uncontrolled, still hospitalized 3 7.5 
Died alté 42.5 





bronchoscopic examination and in which pneumothorax was used in an 
effort to control the parenchymal disease. Only those cases which showed 
definite ulceration or stenosis were included; borderline cases with slight 
erosion or redness were not considered. Most of these occurred several 
years ago and in many the diagnosis of bronchial tuberculosis was not 
made until pneumothorax had been induced. 

Of the forty patients in the series, seventeen are dead, giving a fatality 
‘ate of 42.5 per cent. Three are still hospitalized with uncontrolled 
disease. Twenty, or 50 per cent, have been discharged as quiescent or 
apparently arrested. However, of this discharged group, nine appear 
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to have unexpandable lung. In addition, of this group fourteen had 
bronchial disease which was of very limited extent or which exhibited 
rapid response to local treatment. In only six of the discharged cases 
was there stenosis or extensive ulceration which had not shown a 
tendency toward regression. 

Unfavorable complications occurred with great frequency (Table IV). 


TABLE IT 
FATALITY RATE IN DIFFERENT STAGES OF PARENCHYMAL DISEASE 























CASES | DEATHS PER CENT 
Minimal 6 a 83 
Moderately advanced 25 8 32 
Far advanced 9 4 44 

TABLE III 
FATALITY RATE IN VARIOUS TYPES OF BRONCHIAL DISEASE 

| CASES DEATHS | PER CENT 
Stenotic 13 7 54 
Extensive ulceration 12 6 50 
Slight or moderate ulceration 15 27 








TABLE IV 


COMPLICATIONS OF ARTIFICIAL PNEUMOTHORAX (40 CASES) 











CASES* | PER CENT 
Atelectasis Ne 3 
Anaerobic infection 7 17.5 
Tuberculous empyema 17 3 
Unexpandable lung 9 23 





*In many cases more than one complication occurred. 


Atelectasis, usually lobar in extent, was noted immediately or shortly 
after induction of pneumothorax in seventeen, or 43 per cent, and in 
most of these re-expansion was impossible even when attempted early. 
In seven eases, or 17.5 per cent, anaerobic infection* of the atelectatic 
lung was observed. Tuberculous empyema occurred in seventeen, or 
43 per cent. In twelve cases atelectasis and empyema coexisted and 
eleven of these died. Of the fatal cases, one death was from tuberculous 
meningitis and one was essentially cardiorespiratory ; the others died 
of progressive tuberculosis or anaerobic infection or a combination of 
the two, and in nearly all of these the beginning of the downhill course 
could be linked with induction of pneumothorax. The clinical impres- 
sion was definitely that these patients were made worse by pneumothorax 
and not that the procedure was simply coincidental to a particularly 
malignant type of tuberculous infection. 

Of the total number of cases, 75 per cent were in females, a predom- 
inance which has been noted in other series. 

In Table II the total deaths have been approached from the stand- 
point of stage of pulmonary disease and in Table III from the stand- 


*In four of these, anaerobic streptococci were cultured from the sputum; in the 
others, the clinical course was so typical as to leave no doubt about the diagnosis. 
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point of type of bronchial disease. The significance of the findings of 
this breakdown is great in spite of the relatively small number of cases. 
It is found, for instance, that five out of six minimal eases died (pneu- 
mothorax was induced because of progressive disease) giving a fatality 
rate in this group of 83 per cent, whereas only 32 per cent of the mod- 
erately advanced, and 44 per cent of the far advanced, died; in other 
words, the fatality rates did not follow in direct ratio the stage of the 
pulmonary disease. On the other hand, when this is approached from 
the type of bronchial disease present, a different result is seen. The 
fatality rates, figured from this angle, were 54 per cent with stenotic 
lesions, 50 per cent with extensive ulcerations, and 27 per cent with 
moderate or mild ulceration. In the five minimal cases in which the 
patients died, all had extensive ulceration or uleerostenosis, indicating 
that the severity of the bronchial disease is probably of more importance 
than the stage of the parenchymal disease in determining prognosis. 
This conelusion becomes particularly apparent when it is noted that 
although the over-all fatality rate was very high (42.5 per cent), thirty- 
one of the forty cases analyzed were either minimal or moderately ad- 
vaneed so far as the parenchymal lesion was concerned. It is true that 
the presence of bronchial tuberculosis always lessens the chance of re- 
covery even without the use of pneumothorax and it is difficult to esti- 
mate with accuracy to what extent the poorer prognosis was due to the 
presence of the bronchial disease per se and to what extent to the com- 
plications which arose as a result of pneumothorax.* 

Of the six patients with stenosis who are living (out of the original 
thirteen) two are still hospitalized with pneumothorax re-expanded and 
disease uncontrolled; they may come to thoracoplasty. Four have been 
discharged and three of these definitely have unexpandable lungs while 
the fourth developed atelectasis immediately following induction of 
pneumothorax; however, the clinical course was otherwise uneventful. 
Only one of the living patients of this group had stenosis of more than 
50 per cent. 

Of the seventeen empyema eases, thirteen died in spite of the fact 
that only three of them had far-advanced pulmonary disease. 

Of the atelectatic group of seventeen, there were also only three with 
far-advanced disease; nevertheless, there were twelve deaths. Because 
of the very unfavorable clinical course this complication usually brings 
on, it becomes important to analyze closely the type of bronchial dis- 
ease with which it is most frequently associated. Of these seventeen 
cases, it is found that eleven had stenosis or extensive ulceration and 
six had moderate ulceration. There were no instances of atelectasis 
with mild bronchial disease. We believe this finding to be of great 
practical importance ; its application is discussed later. 


*We have no satisfactory controls to answer this question and the fatality rates 
recorded in various published series reveal such extreme variations that they are of 
no value in this respect. Nevertheless, the pertinence of such figures, if available, 
would be relative and not absolute since the dangers inherent with the use of pneumo- 
thorax are not present when thoracoplasty is used (as pointed out later). 
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DISCUSSION 

Although definite knowledge is secant, many of the basic questions 
about bronchial tuberculosis merit discussion. The pathogenesis remains 
poorly understood. Bugher, Littig, and Culp’ believe that in the vast 
majority of cases these infections occur by implantation as a result of 
constant bathing of the areas with bacillary sputum. Particularly do 
they think this is so in the tracheal uleers and they cite as a point in 
favor of this the fact that most occur along the posterior wall, a location 
which is dependent in position in bed patients. A possible argument 
against the implantation theory is the frequently noted fact that many 
of these cases occur with minimal parenchymal lesions—lesions which 
would have, on the whole, negative sputum. Reichle and Frost’ have 
shown by post-mortem studies that these lesions in the bronchi are mueh 
more extensive than the actual uleerated area would seem to indicate, 
and on this point nearly all observers agree. They point out that the 
great majority are not simple mucosal uleers but rather are ulcerative 
manifestations of what is often extensive submucosal tuberculosis. The 
submucosal infection tends to spread along the bronchi and, histolog- 
ically, one of the most striking characteristics is the tendeney to affect 
the mucous glands. Many of the glands appear atrophie and others are 
dilated due to obstruction of the duct. An understanding of the true 
extent of the pathology involved allows one to visualize more clearly the 
therapeutic problems to be solved in such eases. It is well known’ that 
the mechanical drainage of bronchial secretions is accomplished by 
peristalsis, ciliary action, respiratory movements, the tussive squeeze, 
and the cough followed by expectoration. However, the maintenance 
of this drainage depends largely on the liquefaction of secretions by 
the action of the mucous glands of the bronchial mucosa. It is reason- 
able to assume that the presence of tuberculous infection may tempo- 
‘arily or permanently render certain of these glands ineapable of carry- 
ing out this function; in such a way, the rather viscid sputum from 
the more distal bronchi remains viscid and may become more so. It 
is then extremely difficult for the patient to raise. (This is a well- 
known clinical manifestation of bronchial tuberculosis.) Retention of 
secretions at and beyond the diseased area creates a partial bronchial 
occlusion and this is intensified by interference with peristaltic and 
ciliary motions. The frequeney with which atelectasis occurred when 
pneumothorax was induced in this series is ample evidence of the ease 
with which this may be converted into a complete occlusion. 

The onset of atelectasis is frequently the beginning of a chain. of 
events which includes progressive tuberculosis, anaerobie infection, 
tuberculous empyema, and often death. The extreme importance of the 
bronchial factor is illustrated by the fate of the six cases with minimal 
pulmonary lesions. In one of these cases the bronchial disease was 
slight and healed promptly; in this case pneumothorax was uneventful. 
In the other five cases there was extensive ulceration or stenosis and in 
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all five atelectasis immediately followed induction of pneumothorax and 
eventually resulted in a fatal outcome. 

The clinical course of these patients who develop atelectasis is usually 
much the same. The atelectatic pulmonary tissue frequently becomes 
the seat of progressive tuberculous disease and, in about one-third of 
the cases, of anaerobic infection which results in massive excavation, 
often involving most of the lung. Even in the more favorable cases 
tuberculous empyema is very common and re-expansion may be impos- 
sible even when it is attempted early. 

Since the unfavorable complications which occur following pneumo- 
thorax are a direct or indirect result of interference with bronchial 
drainage and resultant atelectasis, any intelligent approach to treatment 
must inelude as a basic premise an attempt to keep such interference 
at a minimum. 

Because the presence of bronchial tuberculosis may fundamentally 
affect the type of treatment to be used for the parenchymal disease, its 
diagnosis before active treatment is begun becomes highly important. 
For this reason it seems worth while to list briefly the principal findings 
which are instrumental in bringing about bronchoseopie examination : 
(1) Wheeze, either subjective or objective; (2) cyanosis or dyspnea 


without obvious cause; (3) severe cough or sputum which is difficult to 
‘aise; (4) positive sputum without obvious source; (5) symptoms out 
of proportion to the amount of disease (retained secretions) ; (6) marked 


daily variations in character and amount of sputum; (7) lobar atelee- 
tasis; (8) x-ray findings of ‘‘hilar flare’’ type of shadow or concentration 
of disease around hilar region.* Also, sometimes seen are scattered, 
stringy lesions of lobar extent, indicating a clearing phase of atelectasis. 
Any one of these findings is, in our opinion, highly significant. 

In attempting to evaluate the role played by pneumothorax in these 
cases, it is inaccurate simply to state that it does not eontrol the dis- 
ease. In our opinion, in those cases which develop atelectasis with its 
sequelae, the prognosis has been made much worse beeause of the pro- 
cedure having been used. In short, due to the many extra hazards 
which it creates, it is a form of treatment which is entirely unsuited to 
the conditions. This applies specifically to that group in which these 
complications occur with regularity—the partial stenoses and the ex- 
tensive ulcerations which are in an acute inflammatory phase. 

The acuteness of the bronchial inflammation appears to be fully as 
important in determining the incidence of complications, as the extent. 
It has been our experience that unfavorable complications of pneumo- 
thorax are far more frequent when it is induced during the acute phase 
of the inflammation. We have recently observed a small series of seven 
eases in which pneumothorax was induced only after the bronchial 
disease had healed or become indolent. In none of these were there any 

*Most of the lesions which seem to be perihilar in a postero-anterior film are 
actually located either anteriorly or posteriorly in the thorax.’ Nevertheless, the con- 
centration of disease in this area in a postero-anterior film frequently does indicate 


the presence of bronchial tuberculosis. We do not know of a satisfactory explanation 
for this clinical observation. 
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untoward effects of the procedure and each has been discharged with 
pneumothorax maintained. It is possible that further experience may 
demonstrate this waiting period (including local treatment with silver 
nitrate) to allow the bronchial disease to improve, to be of decisive im- 
portance in determining prognosis in most of these cases. 


SUGGESTED PLAN OF MANAGEMENT 


Although the strictly factual findings of this paper are limited to ex- 
periences with pneumothorax, it is not sufficient simply to state that 
pneumothorax is usually contraindicated. In many of these patients the 
parenchymal lesion constitutes such a threat to life that some measure 
must be taken to attempt to control it, so that a positive program must 
be formulated. In our opinion, the basic principles which should govern 
such a program are well illustrated in the experiences recorded. In ad- 
dition, there is now available evidence as to the efficacy of thoracoplasty 
with bronchial tuberculosis;*-° the results are extremely encouraging 
and the rationale back of its use is sound. 

We should, therefore, like to outline briefly the general course which, 
in our opinion, offers the best chance to control the parenchymal disease 
with the least chance of producing bronchial occlusion. It is not in- 
tended to be dogmatic and is, of course, subject to revision with further 
experience. It is based on, and is an elaboration of, the following 
premises. 

1. Collapse procedures interfere, to varying degrees, with bronchial 
drainage—pneumothorax much, thoracoplasty little. 

2. The serious complications with collapse therapy are far more fre- 
quent during the acute phase of the bronchial disease. 

3. The choice of collapse measure, when necessary, should depend 
primarily on the type and extent of bronchial disease. 

The diagnosis having been made, then, primary attention is paid to 
the type of bronchial lesion and the idea of collapse therapy is abandoned 
temporarily (the exception to this is the case of severe stenosis, where 
early thoracoplasty is the treatment of choice). Because of the tend- 
ency of artificial pneumothorax to convert the partial bronchial occlusion 
present in these cases into a complete occlusion, the early period of treat- 
ment should consist of a longer than average trial of bed rest. During 
this time careful attention should be paid to increasing the efficiency of 
raising sputum and this should be accompanied by bronchoscopic treat- 
ment of the ulceration and aspiration of secretions. Such a period of 
bed rest accomplishes two purposes: (a) It may do away with the need 
for collapse therapy; (b) if collapse therapy is still necessary, it fre- 
quently will be found that during this time the bronchial disease has 
healed or become much more indolent. Under such cireumstances, com- 
plications are greatly reduced. 

In ease the parenchymal disease remains a threat to life after the 
conservative regimen described, then the dangers inherent in the use 
of collapse therapy have been decreased and become less than those as- 
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sociated with the uncontrolled pulmonary lesion. Accordingly, some sort 
of measure must now be carried out in an effort to control the parenchy- 
mal disease. 

In our opinion, the choice of procedures should depend primarily on 
the character of the bronchial lesion. In eases of extensive ulceration 
or partial stenosis, results with pneumothorax are so poor that, in our 
judgment, it is definitely contraindicated; under such conditions, 
thoracoplasty offers much the better hope, from a long range viewpoint. 
If the ulceration is only moderately extensive, but has progressed or 
not regressed, pneumothorax is also contraindicated unless the disease 
is in such a location that it is not amenable to permanent surgical col- 
lapse. Pneumothorax, in our experience, may be used with safety only 
in those cases in which the bronchial disease is minimal, or if moderately 
extensive, responds readily to local treatment; it is particularly dan- 
gerous in cases with symptoms suggestive of retained secretions. 

It is true that 50 per cent of all patients in whom pneumothorax was 
used were discharged as quiescent or apparently arrested. However, in 
fourteen of these twenty, the ulceration was limited or there was quick 
response to local treatment or both; in this group, as we have stated 
previously, pneumothorax seems reasonably safe. Only six cases of 
stenosis or extensive ulceration are among those discharged. In addition, 
almost 50 per cent of these twenty patients have unexpandable lung 
and will be faced with all the hazards of permanent pneumothorax and 
a relatively nonfunctioning lung.* Moreover, there is no certain way of 
knowing beforehand which of these cases will do fairly well and which 
will develop the serious and frequently fatal complications. It is this 
fact which makes us feel that, in any case in which there is the slightest 
question, thoracoplasty is much the safer procedure. 

Thoracoplasty, under such conditions, has at least three important 
advantages over pneumothorax. 

1. Atelectasis and its serious sequelae, as a result of bronchial oeelu- 
sion, are infrequently encountered.” 7° 

2. There is not an infected pleural space with which to contend. 

3. Relatively complete and permanent collapse may prevent the oc- 
currence of late suppurative changes in the lung. 

The incidence of empyema in this series (48 per cent) is evidence of 
the very real danger involved in the pleural space factor. The more 
frequent oceurrence of atelectasis with pneumothorax would seem to be 
due to forces brought into play by the presence of air about the root of 
the lung. This apparently results in interference with the normal 
respiratory motions of the major bronchi; in addition, it may moderately 
decrease their size and change their position. The type of collapse pro- 
duced by thoracoplasty is not concentric but is most marked away from 
the hilum; as a result, its effect on the position, the physiologic actions, 
and the functional efficiency of the larger bronchi appears to be minimal. 

*Under these circumstances the function of the entire lung is impaired; with 


thoracoplasty there is impairment of function, of course, but it is selective and the 
basal portion of the lung may continue to function quite efficiently. 
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SUMMARY AND CONCLUSIONS 

1. Atelectasis, anaerobic infection, progressive tuberculosis, tubercu- 
lous empyema and unexpandable lung oceur with great frequency when 
pneumothorax is used in the presence of bronchial tuberculosis. They 
constitute such serious complications that every effort should be made to 
diagnose this condition before instituting treatment for the parenchymal 
disease. 

2. Prognosis, in general, seems to be more dependent on the severity 
of the bronchial disease (and particularly its management) than on the 
stage of the pulmonary disease. For this reason, maintenance of ef- 
ficient bronchial drainage should be the primary therapeutic aim. 

3. Serious complications of pneumothorax are noted most often in 
cases with extensive bronchial disease and especially when the inflamma- 
tion is acute. They are relatively infrequent in the less extensive lesions 
which are in a healing or indolent phase. In view of these findings it is 
suggested that : 

a. With extensive ulceration or stenosis, pneumothorax is contra- 
indicated. 

b. With moderate ulceration which progresses or does not regress 
pneumothorax is contraindicated, particularly if there is evidence of 
retained secretions. 

e. With moderate or slight ulceration which tends to heal, pneumo- 
thorax may be used with relative safety. 


4, Thoracoplasty does not often produce the serious complications 
due to bronchial occlusion which are observed with pneumothorax; it is, 
therefore, the treatment of choice in cases requiring collapse therapy 
but in which pneumothorax is contraindicated. 
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ARTIFICIAL PLEURODESIS IN RELATION TO PULMONARY 
LOBECTOMY 


F. J. SAMBROOK GowaAr,* F.R.C.S. (ENGLAND ) 
LONDON, ENGLAND 


T HAS long been realized that pulmonary lobectomy performed in 

the presence of a free pleura is a much more hazardous procedure 
than it is when the pleural space is obliterated by adhesions. Early 
workers feared the occurrence of mediastinal flutter as a result of operat- 
ing in an open pneumothorax, and of total empyema due to the infee- 
tion of the pleura which inevitably followed the operation. As a result 
the operation was planned in two or more stages, the first being de- 
signed to promote the formation of adhesions between the unaffected 
portion of the lung and the parietal pleura over it, when such adhesions 
were not already present. The importance of this preliminary pleuro- 
desis was emphasized by Robinson (1917), who devised a two- or three- 
stage operation, and by Graham (1923), who wrote: ‘‘Any procedure 
which will permit of the easy and safe creation of firm adhesions be- 
tween the unaffected portion of the lung and the chest wall will serve 
greatly to reduce the mortality of the operation, for the double benefit 
of a minimum of pleural cavity to be infected and a minimal amount 
of respiratory disturbance during and immediately after the operation 
will result.’’ According to Alexander (1933), trauma to the pleura 
or the introduction of irritants into the pleural cavity, set up an aseptic 
pleuritis with infiltration and marked thickening of the subpleural layer 
which ‘‘provided a partial protective barrier against the inevitable 
pleural infection which followed the second stage of the operation.”’ 

Later, improvements in anesthesia and operative technique showed 
that mediastinal flutter could be controlled during the operation and 
that so long as adequate pleural drainage was provided, and there was 
no interference with re-expansion of the remaining portion of the lung, 
infection was not a serious danger. Consequently, the one-stage opera- 
tion was introduced by Brunn (1929), and adopted by Shenstone and 
Janes (1932), Roberts and Nelson (1933) and Edwards and Thomas 
(1934). When lobectomy is performed in the presence of a free pleura, 
in an uncomplicated case the remaining (upper) lobe re-expands rap- 
idly, is usually well out by the third day, and is firmly adherent to the 
chest wall by the time infection of the pleural cavity is likely to appear 
and by the time a bronchial fistula is likely to develop as a result of 
sloughing at the hilar stump. In such eases, therefore, infection will 
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remain localized to a basal pocket of pleura. As the one-stage opera- 
tion was performed more frequently it was found that in a number of 
cases the free upper lobe failed to re-expand, a total empyema devel- 
oped, and the lobe became the seat of suppurative pneumonitis: this 
condition was almost invariably fatal. Edwards (1939) pointed out 
that ‘‘the serious lesion responsible for collapse was within the lung and 
not in the pleura—that is, the chief factor concerned was the inhala- 
tion of thick muecopus into the bronchi of the remaining lobe, which 
thereby failed to expand and gradually beeame the seat of multiple ab- 
seesses, and the accompanying total empyema was a secondary result.”’ 

The etiologic factors concerned in the production of massive collapse 
have been discussed elsewhere (Gowar, 1941) and it has been shown 
that this complication is of less frequent occurrence and has a less grave 
prognosis in cases where the remaining (upper) lobe is already adherent 
to the chest wall. When collapse oceurs in such cases re-expansion 
takes place much more rapidly and suppurative pneumonitis, the most 
serious sequel of the condition, is less frequent. In a series of 154 
lobeetomies performed at the Brompton Hospital by Tudor Edwards 
and Price Thomas between 1929 and 1938, there were no deaths due to 
collapse of an adherent lobe, whereas nine patients with free lobes suc- 
eumbed as a result of this complication. It appears that an adherent 
upper lobe, although liable to aspiration of infected material into its 
bronehi during the removal of the diseased lower lobe, is better able to 
expel such material. The reasons for this are probably mechanical and 
depend upon the volume of air remaining in the lobe distal to the plugs 
of secretion, and on the positive pressure exerted on the surface of the 
lobe during coughing by the expulsive efforts of the respiratory mus- 
eles. It hes been shown that the presence of a drainage tube in the 
pleural cavity after lobectomy prevents the exertion of a positive pres- 
sure on a free upper lobe because the expulsive effort forces air out 
through the water-seal drainage bottle, and may lead to the coughing 
of seeretions across into this lobe from the opposite lung. 

Archibald (1935) and Magill (1936) have attempted to prevent 
‘“spill over’’ of seeretions from the infected lobe into unaffected por- 
tions of the lung during operation, by passing into the affected bronchus 
a eatheter bearing an inflatable rubber cuff; the catheter is introduced 
under direct vision before the operation is commenced, the cuff is in- 
flated to block off the bronchus, and secretions are aspirated from the 
diseased lobe during the operation by applying suction to the catheter. 
Although theoretically sound, this method does not entirely prevent the 
foreing of secretions into the remaining lobe during operative handling 
of the affected one. There is a risk that secretions may escape from 
the diseased lobe into other parts of the lung as a result of displacement 
of the balloon cuff or of leakage of air from it; in addition, there is < 
danger that if the balloon is displaced back into the main bronchus, 
suction applied to the catheter may result in atelectasis of the upper lobe 
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on the affected side. It is obvious that the risks attending the use of 
such a bronchial catheter are proportional to the amount of operative 
manipulation to which the diseased lobe is subjected, and will be great- 
est when this lobe is extensively adherent. 

It is thus apparent that before performing lobectomy it is desirable, 
but for reasons other than those originally put forward, to ensure that 
the upper lobe is adherent to the chest wall. 


METHODS OF PROMOTING ADHESIONS 


Many attempts have been made to discover a safe and simple method 
of creating adhesions, and the methods employed fall into two groups. 

1. Extraplewral Methods.—The extrapleural method involves expo- 
sure of the parietal pleura and the application to it of an irritant such 
as iodine in the form of a pack. This method is successful in forming 
localized adhesions, e.g., over a lung abscess, but is obviously not avail- 
able for the production of widespread adhesions as it would entail too 
extensive an exposure and would rank as a major procedure. 

Sauerbruch (1933) adopted a two-stage lobectomy in which the first 
stage consisted of an extrapleural stripping of the affected lobe with 
removal of segments of several ribs and the filling of the resultant space 
with a paraffin wax plombe. The wax extended beyond the interlobar 
fissure and was intended to produce adhesions over the affected lobe 
and also over part of the surface of the contiguous lobe. At the see- 
ond stage, a month or so later, the affected lobe was dissected down to 
its pedicle and either amputated or left to slough after applying an 
elastic ligature to the hilum. The disadvantages of this method are 
that complete obliteration of the pleural space is not achieved, and that 
the most extensive adhesions are created over the portion of lung which 
it is desired to remove, thereby increasing the operative difficulties. 
Graham (1925), owing to the dangers of lobectomy, introduced the opera- 
tion of ‘‘ecautery pneumonectomy’’ in which, after the production of 
adhesions between the diseased lung and the chest wall by suture and 
gauze packing, the diseased lung was progressively destroyed by re- 
peated cauterization with a red-hot soldering iron. 

2. Intrapleural Methods.—These inelude the injection of chemical 
irritants, searification of the pleura, the introduction of solid foreign 
bodies such as wire, tape, ete., and of irritant gases and powders. Two 
methods have been given extensive clinical trial: 

(a) Scarification of the Pleura: Lilienthal (1932) advocated thoracot- 
omy and scarification of the parietal pleura with gauze dipped in tine- 
ture of iodine, while Alexander (1935) recommended thoracotomy, sepa- 
ration of adhesions over the lower lobe, and promotion of adhesions over 
the upper lobe by gently wiping the visceral and parietal pleura with 
dry gauze. Churchill (1937) performed a preliminary thoracotomy at 
which the lower lobe was freed and the parietal pleura over the upper 
lobe was briskly scrubbed with dry gauze. 
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These procedures are liable to lead to effusion, and loculation is com- 
mon; at the same time they cannot be regarded as minor operations, and 
in a patient seriously ill are likely to be associated with some degree of 
mortality. In one of Churchill’s cases death followed this first stage 
operation, while another developed but recovered from a streptococcal 
empyema. 

Bettman (1926) experimenting on dogs, performed an intercostal 
curettage of the parietal pleura; the results were unsatisfactory as only 
one-half the animals developed fine stringlike adhesions. He obtained 
the best results from packing tape around the upper lobe at thoracotomy. 
Later the technique was modified by threading half-inch tape through 
an intercostal space by means of a probe. This method was tried ex- 
perimentally by Bethune (1935) who also used it clinically in one ease. 
He introduced the tape through an intercostal cannula under thoraco- 
scopic control but found it difficult to produce adhesions over the whole 
of the lobe, and fluid formation was common. In addition there was a 
risk of infection if the tapes were not removed within a few days. 

Bethune (1935) investigated the methods of creating artificial pleural 
adhesions in a series of animal experiments. He found that the injee- 
tion of irritant chemicals was useless, uncertain, or dangerous. Thoraco- 
scopy and ecauterization of the parietal pleura was a painful procedure, 
produced flimsy adhesions, and was frequently followed by effusion. 

With the intention of avoiding a major first stage operation, Edwards 
(1939) performed a preliminary pneumothorax and then, through an 
intercostal cannula, searified the parietal pleura over the upper lobe 
by firm rubbing with a wire brush; after closing the incision all air was 
aspirated from the chest. The results were disappointing as adhesions 
were poor and scattered. Later a different technique was adopted. 
Through a small intercostal incision the parietal pleura was rubbed 
briskly with gauze on forceps, but again adhesion formation was un- 
satisfactory. 

(b) Pleural Poudrage: In his work on artificial pleurodesis, Bethune 
(1935) obtained the best results by insufflating 14 per cent iodized tale 
powder into the pleural cavity, and confirmed his results clinically by 
using the powder preoperatively in four lobectomies. Under thoraco- 
scopic control the powder was blown into the pneumothorax eavity 
through an intercostal cannula using a return-air powder blower. All 
air was then withdrawn from the chest (confirmed radiographically) 
and lobectomy was performed after an interval of six to nine weeks. 
In all his cases the upper lobe was found at operation to be completely 
and firmly adherent to the parietal pleura, and convalescence after 
lobectomy was smooth. The method has the advantage that it ranks as 
a minor procedure and can conveniently be carried out under local 
anesthesia, while provided that adequate care is taken in sterilizing the 
powder, it is devoid of risk. It does not as a rule lead to fluid forma- 
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TABLE I 


RABBIT EXPERIMENTS 
















































































SUBSTANCE INJECTED, STRENGTH ease cel : ; seid pet 
AND QUANTITY RABBITS SUMMARY OF RESULTS 
USED 
Streptococcus 1000 mm. per ¢.e. 2 Karly: injection, fibrinous exudate, 
Vaccine 4000 mm. per 5 e.c. 2 and deposits 
5000 mm. per c. 2 Later: deposits, a few localized ad- 
Staphylococcus 1000 mm. per 5 ¢.c¢ 5 hesions, usually associated with 
aureus vaccine 5000 mm. per ¢.c. 4 particulate deposits; some pleural 
thickening. Weaker vaccines: 
fewer bands 
Blood Citrated 2 to 9 ee. 2 In 2 cases a single band present 
(autogenous) Whole 6 Remainder: no adhesions nor inflam- 
matory reaction 
Glucose 50% Aqueous 5 No adhesions nor reaction 
25% in broth 1 to 10 ee. 4 
Broth (double strength) 4 
Starch emulsion 1.5 to 4 ce. 4 Smaller amounts: nil. Larger 
amounts: deposits of starch; a few 
bands in 1 case (28 days) 
Aleuronat Watery 1.5 to 5 ee. 2 One died with acute reaction. Re- 
suspension Starch-water 2 mainder (water and starch-water) : 
Starch-glycerin 5 a few deposits of starch. Starch- 
glycerin: (early) some plastic ad- 
hesions; (later) a few slender 
bands 
Glycerin pure 2 cc. 2 One died with acute reaction 
One (21 days): 1 band at site of 
injection 
Colloidal calcium 1:2000 3 to 10 ee.) 4 + |Nil 
(Crookes ) 1:4000 4 
Colloidal silica 1% 2 to 10 ce. 5 Early: lymph, sometimes with white 
(Crookes) 2% 8 plaques. Later: no or few bands; 
some pleural thickening 
Salicylie acid 0.5% 1 to 5 cc. 1 Nil 
1% 7 
Sodium salicylate 10% 3 to 5 ce 2 One died with acute reaction (30%) 
Aqueous 20% 3 Congestion, more marked early and 
30% 2 when stronger solutions used. 
40% 1 Later: no bands; slight thicken- 
ing. In one case, fluid with some 
adhesions 
Sodium morrhuate 1% 1 to 0.3 ee. 4 Early: fluid with a few adhesions. 
2% 2 to 0.6 ce. 4 Later: nil 
3% remainder- 2 Fluid and fibrin; a few bands 
(1 ee. Whole 5% 5 ec. 9 Fluid with bands 
blood added in Early: fluid+, fibrin. Later: adhe- 
1 case) sions present; marked pleural 
thickening 
Quinine and 1% 5 ee. 5 Early: congestion, lymph, and fibrin 
urea HCl Later: slight thickening; no adhesions 
Quinine and 5% 3 to 10 ce.) 4 Early: trace fluid with a few fibri- 
urethane solution nous bands. Later: slight pleural 
(B.D.H.) 20% 2 thickening only 
d0% 1 One (20%) showed fluid, fibrinous 
Concentrated 3 network 
Remainder died with acute reaction 
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TABLE I—ConrT’pD 




















NO. OF 
ee Rees — RABBITS SUMMARY OF RESULTS 
AND QUANTITY unen 
Tanniec acid 1% 5 ¢.e. 5 Early: congestion, fluid and fibrin, 
aqueous 2% 7 the reaction being proportioral. to 
3% 3 the strength of solution used. Later: 
5% 5 fluid, pleural thickening (marked 
with stronger solutions) and col- 
lapse of lung; a few adhesions. 
At 4 months (5% solution): lung 
partially collapsed, uniformly and 
densely adherent, with much pleu- 
ral thickening 
Proliferol B. Half- 5 Cc. 5 One died with acute reaction. Early: 
(Ulmer) strength fluid with much lymph; later: fluid 
less; numerous short plastic adhe- 
sions, but pleura intensely injected, 
with subpleural hemorrhages and 
considerable areas of collapse 
Formaldehyde 1% 5 ¢.e. 4 Small effusion with a little super- 
aqueous ficial pleural thickening; no adhe- 
sions 
Iodine, Lugol’s + strength 5 c.e. 5 Two died with acute reaction 
Concentrated 5 Fluid, fibrin and congestion. Later: 
Tincture 0.1 % FE.ei 3 areas of collapse, pleural thicken- 
0.15% 4 ing, and some adhesions 
0.2 % 6 Slight pleural thickening; a few fine 
0.5 % + bands 
1.25% 2 Fluid+. Later numerous short bands; 
2.5 % 5 some thickening 
Fluid and moderate thickening; later: 
fairly numerous adhesions; areas 
of collapse 
Fluid++, injection, fibrin; later: 
some short adhesions 
All died shortly after injection with 
acute reaction 











tion, but in a few eases the adhesions are patchy and fluid loculi are 
formed. The powder appears to have no damaging effect on the lung 
itself. 

According to Bethune, the ideals to be fulfilled by any irritant em- 
ployed for the purpose of creating adhesions are: (1) It should be a 
selective upper lobe irritant to be easily applied in a pneumothorax 
space without opening the chest; (2) the irritant should penetrate into 
the crevices of the pleural cavity; (3) it should not be necessary to 
depend on special posture to retain the irritant over any selected area 
of pleura; (4) the irritant should be nonabsorbable to avoid toxie 
effects; (5) a short self-limiting pleural reaction should be set up, if 
possible without fluid formation, which would rapidly subside leaving 
the adhesions as harmless sequelae. 

Poudrage had been tried by Edwards prior to 1936, but the results 
were not uniformly good and it was thought desirable to find an alterna- 
tive and, if possible, simpler method, such as the injection of a mildly 
irritant solution into the pleural cavity. Accordingly, I undertook a 
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GOAT EXPERIMENTS 








NO. OF 
EXPERI- 
MENT 


TREATMENT 


INTER- 
VAL AT 
WHICH 
LUNG 
EXAM- 
INED 
(DAYS) 


RESULT 





Injection of Glucose 





Goat 1 
17 kg. M. 


R.A.P. 150 c.c. 
Refill 200 e.e. 

25 ec. of 50% 
injected 


20/10/37 
23/10/37 
27/10/37 

glucose 


aly 


No adhesions nor pleural thicken- 
ing 





Goat 2 
l4 kg. F. 


R.A.P. 200 e.c. 
Refill 400 c.e. 

25 ec. of 50% 
injected 


27/10/37 
6/11/37 
10/11/37 
glucose 


17 


1138 


27/11/37 Thoracotomy: adhe- 
sions; lung normal 
3/ 3/38 Killed; no fluid nor ad- 


hesions; lung normal 


no 





Poudrage with % 


Per Cen 


t lodized Tale 





R.A.P. 240 c.c. 

20/11/37 Refill 400 c.e. 
Thoracoscopy, no adhe- 
sions; poudrage, thin film 
all over upper lobe with 
a few areas of heaping up 
of powder, chiefly along 
interlobar fissure 


13/11/37 


14 





Goat 6 
10 kg. F. 


20/11/37 R.A.P. 300 c.e. 

27/11/37 Refill 500 c.e. 
Thoracoscopy, no. adhe- 
hesions: poudrage 





24/11/37 R.A.P. 240 c.c. 
4/12/37 Refill 700 ce.c. 
Thoracoscopy, 2 delicate 
bands from upper lobe to 
site of earlier needle 
puncture; poudrage, more 
powder insufflated 


Upper lobe directly and uniformly 
adherent over almost whole of 
mediastinal aspect; separation 
easily effected. Peripherally, no 
adhesions; small clumps of pow- 
der present all over pleura; no 
fluid nor obvious reaction 





Direct adhesions between upper 
lobe and apex of pleura, medi- 
astinum and pericardium. On 
costal aspect numerous small de- 
posits of yellowish powder but 
no adhesions. Adhesions along 
interlobar fissure. Lower lobe, 
fewer deposits of powder; free 
except for anterior border which 
was adherent to pericardium 

Upper lobe adherent on all aspects. 
Laterally, tendency for adhesions 
to become elongated leaving 
small pockets of free pleura es- 
pecially inferiorly. Large free 
pocket on mediastinal aspect, 
probably due to inadequate pou- 
drage. Lower lobe free; few 
pleural deposits of powder. No 
fluid. Adhesions firm but could 
be separated without great diffi- 
culty 














11/12/37 R.A.P. 500 c.c. 

Thoracoscopy, no adhesions ; 
poudrage: fairly thick 
coating applied to col- 
lapsed lung and to a less 
degree to parietal pleura 
—maximum over upper 








lobe 


Upper lobe adherent on lateral, pos- 
terior, and mediastinal aspects. 
Free pockets anterolaterally and 
anteromedially. Adhesions short 
and multiple, easily separated. 
Lower lobe free; few pleural de- 
posits of powder. No fluid 
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INTER- 
VAL AT 
NO. OF WHICH 
EXPERI- TREATMENT LUNG RESULT 
MENT EXAM- 
INED 
(DAYS) 
Goat 7 9/ 1/38 R.A.P. 500 e.c. 41 Lateral and posterior surfaces of 
10 kg. F. |Thoracoscopy: one delicate upper lobe free; lower lobe free. 
adhesion from upper lobe Numerous Disklike yellow deposits 
to chest wall. Poudrage: on pleura. No generalized pleural 
fairly thick layer on up- thickening 
per lobe and _ parietal (Lower lobectomy performed; ani- 
pleura; very little on mal died 1 hour later) 
lower lobe 
5/ 3/38 R.A.P. 600 c.e. Uniform direct adhesions on all as- 
Thoracoscopy: no adhesions. pects of upper lobe, easily sepa- 
Poudrage (2.5 Gm.): up- rated. No evidence of lung fibro- 
per lobe well covered; sis. Deposit of powder in inter- 
lower lobe thinly lobar fissure with adhesions. 
Lower lobe free but for a few 
longer and slender bands (Figs. 
2, 3, and 4) 




















series of animal experiments at the Buckston-Browne Research Farm 
between October, 1936, and March, 1938. 


TECHNIQUE 


1. Injection of Irritant Fluids.—Rabbits were used for this work. 
The animal was anesthetized by injecting a solution of nembutal (1 gr. 


2/ 


in 1 ¢.¢.) into the marginal vein of the ear in the proportion of % e¢.e. 


per 1 kg. of body weight; after having its right chest shaved, it was 
placed on the left side on a sandbag. With aseptic precautions an 
initial pneumothorax needle was inserted into the right pleural eavity 
and its position verified by the oscillation of the column of fluid in a 
water manometer. The manometer was then clipped off, a svringe was 
attached to the needle, and the requisite fluid was injected into the 
chest. The animal was laid on its right side with the head low until 
it recovered from the anesthetic to allow the fluid to exert its maximum 
effect on the lateral aspect of the upper lobe. By this technique no air 
was admitted to the pleural cavity. After intervals of two to forty-two 
days the animals were killed and their pleural cavities examined. The 
results are summarized in Table I. 

As in the experiments of Bettman (1926), Hirshfeld, Cohen, and 
Stout (1933), Alexander (1933), and Bethune (1935), it was found that 
the stronger irritant solutions led to the production of large effusions 
with some elongated bands, and frequently caused damage to the lung 
parenchyma; in a number of cases death from shock occurred soon 
after the injection. Weaker and less irritant solutions produced incon- 
stant adhesions and were frequently absorbed, leaving no trace in the 
pleura. 
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2. Pleural Poudrage.—The failure to find the ideal sclerosing fluid 
led to a repetition of Bethune’s work on pleural poudrage. For these 
experiments goats were chosen. After two or more days of partial and 
two days of complete starvation, the animal was anesthetized with 
nembutal injected intraperitoneally in the proportion of 1 gr. per 1 kg. 
body weight; as a rule, deep anesthesia developed in about ten minutes. 
The animal was placed on the left side, a small area of the right thorax 
shaved and prepared, and with aseptic precautions a right pneumo- 
thorax was induced. In the earlier experiments 250 to 300 ¢.e. of air 
were introduced at the first sitting and a refill of 500 ¢.c. given about 
a week later prior to thoracoscopy and poudrage. In later experiments 
a larger pneumothorax was induced at once (600 ¢.c. for an animal of 
25 kg.) and thoracoscopy and poudrage were carried out at the same 
sitting. A preliminary thoracoscopy was performed to determine 
whether any adhesions were present and 14 per cent iodized tale powder 
was then blown in by means of a return-air powder blower (Fig. 1). 
All air was then withdrawn from the chest, using a Maxwell pneumo- 
thorax apparatus, and the re-expansion of the lung confirmed (in some 
eases) by radiography. After an interval of two to ten weeks the ani- 
mal was again anesthetized and subjected to thoracotomy. 





Fig. 1.—Return-air powder blower. 


The animals were found to be unsuitable for intrathoracic operations 
as it proved impossible, despite prolonged starvation, to empty the 
stomach, and regurgitation of stomach contents was extremely likely 
to oceur during the operation. Usually these contents consisted of 
undigested hay or grass which was aspirated into the air passages and 
eaused death from asphyxia. Aspiration of the stomach or gastric 
lavage before or during the operation was unsuccessful in preventing 
this complication owing to the consistency of the stomach contents 
which caused repeated blocking of the tube. 
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The results are summarized in Table II. In the earlier experiments 
adhesions were patchy, apparently owing to inadequate poudrage. In 
later experiments more powder was used and greater care was taken 
to direct it on to the upper lobe and the parietal pleura over it; insuf- 
flation was continued until thoracoscopy showed a uniform and mod- 
erately thick ‘‘sugar-icing’’ coat. It was found that 2.5 Gm. was the 
average weight of powder required to produce this appearance in an 
animal of 25 kg. Following this treatment the upper lobe beeame uni- 
formly and directly stuck to the chest wall, but could be separated 
fairly easily up to two weeks after poudrage. If the powder had been 
directed on to the upper lobe only, the lower lobe remained practically 
free from adhesions (Fig. 2). The secret of getting a uniform adher- 
ence appeared to depend on a uniform and sufficiently thick application 
of the powder followed by complete aspiration of the pneumothorax. 
There was no evidence of damage to the lung tissue on macroseopie or 
microscopic examination (Figs. 3 and 4). The ideal time for lobeetomy 
would appear to be between three and eight weeks afterwards while the 
adhesions are still soft and can be separated easily over the lower lobe 
if any have formed here. 


Fig. 2.—Goat 10. Photograph of chest laid open eleven weeks after poudrage to 
show: upper lobe directly adherent to chest wall; lower lobe, a few slender adhesions. 
Arrow on left shows fine band-like adhesions between lower lobe and chest wall; 
right arrow, upper lobe of lung directly stuck to chest wall. 


CLINICAL APPLICATION 


As a result of these successful experiments Edwards has readopted 
the method, and in 1939 he was able to report its use in eight eases. 
**All developed adhesions of greater or less degree but sufficient for the 
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purpose required, that is, to retain the larger part of the residual lobe 
against the chest wall. In one of these cases in which the left lower 
lobe and the lingula of the upper lobe were removed, there was tempo- 
rary atelectasis for a week, probably due to swelling around the stump 
of the lingula partially blocking the main upper lobe bronchus, other- 
wise convalescence has been uninterrupted in all.’’ 


Fig. 3.—Goat 10. Section through area of adhesion between upper lobe and chest 
wall. <A layer of granulation tissue 1 mm. thick, containing tale particles, unites the 
two pleural surfaces. The underlying lung tissue shows no abnormality beyond 
slight interstitial infiltration in the immediate subpleural zone; there is no atelec- 
tasis (H & E X38). 


Fig. 4.—Goat 10. Same section as Fig. 3: Photomicrograph by polarized light showing 
tale particles (X43). 
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The powder requires careful sterilization and I am indebted to J. V. 
Spence,* for the following details. Purified tale (taleum purificatum, 
B.P.C.) is spread in thin layers and heated to 150° C. in a hot-air oven 
for at least two hours. The requisite amount of iodine is dissolved in 
the minimum quantity of absolute aleohol, and with strict aseptic pre- 
cautions it is mixed thoroughly with the sterile tale, which then dries 
almost immediately. 

Pleural pain may be complained of after poudrage as a result of 
friction between the pleural surfaces, but it does not often last longer 
than one hour. No other complications have been encountered. 

Haight (1941) reported that he had used 14 per cent iodized tale 
poudrage prior to lobectomy for two years and had achieved satisfae- 
tory results. He advocates the use of a minimal amount of powder, 
for in his experience larger amounts are frequently followed by too 
great a reaction with fluid formation; this results in gravitation of the 
powder down over the lower lobe where clumping takes place. He 
aims at producing a ‘‘very thin film over the upper lobe so that one ean 
actually see the pulmonary surface through the powdered pleura.”’ 

Since the completion of this work, papers have been published by 
Singer, Jones, and Tragerman (1941) and Hanrahan, Adams, and Klop- 
stock (1941) on the experimental production of pleural adhesions. Both 
groups of workers employed a wide variety of substances in their ex- 
periments but neither was able to find a satisfactory substitute for 
iodized tale. Singer and his associates conelude that tale in whatever 
form administered produces the most desirable changes in the pleura 
in the simplest fashion ; they used a saline suspension of tale in some of 
their experiments, but the disadvantages of this method would appear 
to be that the application of the tale can no longer be selective, and is 
likely to be maximum over the lower lobe owing to gravity when ap- 
plied to man, and that clumping is liable to oeeur with the formation 
of patchy adhesions as in the present experiments with particulate 
suspensions. 

Hanrahan and co-workers found that poudrage with dry (plain) tale 
‘“produced adhesions and pleural thickening to only a slight degree and 
they were localized in extent.’’ They then insufflated a mixture of equal 
parts of metallic iodine and tale (i.e. 50 per cent iodized tale) into the 
pleural cavities of four rabbits at thoracotomy. Two died within a few 
minutes from shock; in the remaining two, killed at two and four weeks, 
they found clumping of the powder with the formation of fine filmy and 
stringy adhesions of no practical value over the lateral surface of the 
upper lobe, and stouter and more dense adhesions on the mediastinal 
and diaphragmatic aspects of the lung. A superficial inflammatory 
reaction involved the visceral pleura and extended for 2 or 3 mm. into 
the lung parenchyma, accompanied by atelectasis. They conelude that 


*Chief Pharmacist, Brompton Hospital. 
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‘‘there is at the present time no simple or direct method of consistently 
producing adhesions between healthy pleural surfaces and the methods 
which do work are too often accompanied by pulmonary collapse and 
are too violent for human use.’’ They performed no experiments with 
preparations of iodized tale containing less iodine. 


This research was undertaken at the suggestion of Tudor Edwards, to whom I 
am very grateful for much helpful advice. I am indebted to the Council of the 
Royal College of Surgeons and to Professor J. Beattie, director of research, for 
providing me with laboratory facilities at the Buckston-Browne Research Farm; to 
Sir Arthur Keith for his kind interest in the work; and to Mr. F. Watson, senior 
technical assistant, for the photographs. My thanks are due also to the Medical 
Research Council for a personal grant enabling me to carry out the work. 
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PRIMARY NEUROGENIC TUMORS OF THE MEDIASTINUM 


V. D. Scuarrner, M.D., KENTVILLE, N. S., RaLeu P. Surru, M.D.,* Anp 
H. E. Tayuor, M.D., Hauirax, N.S. 


ROM a review of the literature it would appear that primary neuro- 

genic tumors of the mediastinum occur with relative infrequency, 
but they are probably more numerous than is indicated, since it is only 
recently, with the aid of improved methods of surgery, radiology, and 
pathologie technique, that their true nature has been ascertained. 

In 1941, James and Curtis' collected thirty-three ganglioneuromas in 
addition to one reported by themselves, while Lavender and Prentice,” 
in 1940, described a case of intrathoracic neurofibroma. Previously, 
Heuer,*® in discussing the so-called hour-glass tumors, found that of 
thirty-seven situated in the thorax or mediastinum, no less than twenty- 
one were definitely of neurogenic type, and Harrington,* who studied 
forty-six intrathoracic tumors, found eleven to be neurofibromas on 
histologic examination. In addition to the benign tumors, one may 
find, more rarely, malignant forms arising from the more primitive cells 
of the sympathetic nervous system; while these are most often present in 
the adrenal medulla, intrathoracic cases have also been described ; for 
instance, Chandler and Norcross,’ in describing four eases of svmpathico- 
blastoma, found two within the thorax. The interrelationship of these 
tumors is well exemplified in the case of a neuroblastoma, ganglio- 
neuroma, and fibroneuroma, all occurring in a stillborn fetus, described 
by Potter and Parrish.6 Since the literature has already been well 
covered, we have not attempted to make a collective study of all cases 
but to confine ourselves to the following three cases, in which the tumors 
were removed surgically with good results : 


CASE REPORTS 


CasE 1.—B. S8., a white male, aged 35 years, was a farm laborer. He complained 
of (1) a dry and cracked right hand, (2) inability to perspire on the right side of 
the face, right arm, and right hand, and (3) pain in the right arm and hand. 

History of Present Illness——This patient claimed he was perfectly well until 
five years ago. At that time he began to have neuralgic pains in the region of the 
right elbow and right forearm. These pains were severe and constant and he con- 
sulted a number of doctors, who told him on all occasions that he had rheumatism. 
He was treated for such a condition without good effect. During the past few months 
the pains have been somewhat less severe but are still an extremely troublesome 
feature. Soon after the onset of the pain he noted that his right hand and arm and 
the right side of his face would not perspire, even on the hottest day. His hand be- 
came very dry and the skin cracked over the palm and bled easily. When he at- 
tempted to work with the hand these cracks became deep and extremely sore. X-ray 

*From the Department of Pathology, Dalhousie University, Halifax. 
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examinations of the chest were never done previous to the present examination. His 
friends had noted a changed appearance in the right eye. He has had no cough, no 
pain in the chest, and no difficulty in swallowing. 

Personal History.—This was irrelevant since he was always well and strong. As 
a child he had measles, but no history of other infectious diseases and no symptoms 
referable to the other systems. 

Family History.—This was also irrelevant, since there was no history of familial 
disease of any kind. 

Examination.—The patient had a definite and marked right Horner’s syndrome. 
The right pupil was small, but reacted to light and accommodation. The palpebral 
fissure was narrowed and the eye drier than its mate. There was an ‘‘apparent’’ 
ptosis, but the lid was easily elevated upon looking upward. 

The right side of the face was dry, the left moist and perspiring freely. The 
right jugular veins were full, the left normal. No tumor was felt in the neck, but 
there was a definite bruit over the right subclavian artery and a feeling of something 
solid below it. The right axilla perspired slightly. The right arm and hand were 
dry, the left moist and soft. The skin over the palm of the right hand was thick, 
dry, and cracked. 

There was a band area of anesthesia about one-half to one inch wide over the 
posterior surface of the ulna, which extended from the elbow to the wrist, but did 
not come around in front. There were no other areas of anesthesia. Muscle 
strength was equal in both arms. Blood pressure, right, 130/80; left, 120/90. 

Preliminary Fluoroscopic.—There was a round tumor at the apex of the right 
chest the size of a small orange, with lateral deviation of the esophagus. 

Respiratory System.—There was normal resonance. A small area of dullness was 
present at the right apex. Breath sounds were vesicular and voice sounds normally 
transmitted. No rales and no frictions could be made out. 

Laboratory Findings.—Red blood count was 5,080,000 per ¢.mm.; hemoglobin, 85 
per cent; white blood count, 10,000 per ¢.mm.; polymorphonuclears, 69 per cent; 
lymphocytes, 22 per cent; mononuclears, 5 per cent; eosinophiles, 1 per cent; baso- 


philes, 8 per cent; urine no abnormality; and Wassermann, negative. 


X-ray Examination.— 

Flat plate: On the right there was a circumscribed round dense area 
filling the apex from the level of the first to the third rib. This density was 
spherical in shape, had smooth and sharply demareated edges, and extended 
into the mediastinum with slight displacement of the trachea to the left. There 
were no abnormal parenchymal lung markings and the diaphragm was normal. Heart 
and mediastinum were in the midline. Examination of the esophagus following in- 
gestion of barium meal showed it displaced to the left, however, the tumor caused 
no obstruction. Diagnostic pneumothorax was induced and carried to approximately 
65 per cent collapse. 

Thoracoscopic Examination.—The thoracoscope was introduced into the third 
space in the anterior axillary line and the interior of the chest was observed. There 
was about a 60 per cent collapse of the lung. The apex was adherent by a curtain 
adhesion to the dome on the mediastinal side. The lung appeared normal in every 
way. The parietal and visceral pleurae were thin and glistening. No fluid was in 
the pleural cavity and the right auricle could be seen pulsating in a free pericardial 
sac. No mediastinal bulging could be seen. The phrenic and vagus nerves were 
seen descending on the side of the mediastinum and the internal mammary vessels 
were easily visible. The tumor was easily visualized lying in the curve of the first 
rib, and filled the whole dome. It lay directly on the neck of the first rib and 
around its lateral curve. The pleura over it was thin and glistening and did not 
appear adherent or infiltrated. Running over it and in front of it were the large 
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subclavian vessels. These structures were very closely applied to the anterior aspect 
of the tumor. The thoracoscope was removed and pressure dressings applied. 


Operative Removal.—An incision was made from the tip of the shoulder to the 
manubrium sterni about two inches below the clavicle and then curved downward in 
front of the sternum. The pectoralis major was split between its clavicular and 


sternal attachments, then retracted, and a part of the sternal attachment was divided. 
The underlying muscles were stripped from the chest wall and the upper ribs ex- 
posed. The long thoracic nerve was freed and retracted laterally. Subperiosteal 
resection of the first rib with its cartilage was done. The tumor was then easily 
felt lying under it and the subclavian vessels passed directly over it in front. An 
attempt was made to free it extrapleurally, but it was too deeply and firmly embedded 
to allow of this being done. <A portion of the second rib and cartilage was then re- 
moved and the pleura entered under positive pressure anesthesia. The pleura was 
rather widely opened without mediastinal flap or respiratory change. The tumor 
was now well exposed and the pleura peeled easily from its inferior surface. It was 
completely encapsulated by a dense fibrous capsule and there was no tendency at any 


Fig. 1.—(Case 1).—X-ray following the induction of a small artificial pneumo- 
thorax. A dense, rounded shadow is seen extending from the upper mediastinum and 
filling the right dome. 


place for infiltration. It was not adherent to surrounding structures, and was 
enucleated with the finger as a prostate might be removed. The posterior part lay 
deep in the angle of the first rib. Medially it lay behind the trachea and directly 
against the esophagus. Care was taken in freeing it from these structures and it 
came out clean, leaving no parts behind. There was very little bleeding from the 
tumor bed. The opening in the pleura was repaired insofar as it was possible, but 
the deeper part could not be closed. The lung was expanded to about 80 per cent 
under positive pressure and the wound closed. Condition of the patient at the end 
of the operation was good. 
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Pathologic Report.— 

Gross Appearances: The tumor was roughly spherical but somewhat flattened on 
one side. It measured 24% x 2% x 1% inches, was well encapsulated, and its surface 
moderately lobulated. On section, it was hard and cut without a gritty sensation; 
it was rather golden in color and irregularly streaked with bands of white fibrous 
tissue. At one pole there was a dark area of necrosis which measured one-half inch 
in diameter. 

Histologic Examination.—The tumor was composed chiefly of long, thin spindle 
cells which were arranged in whorls and fascieuli (Fig. 2). In many areas the 
cells underwent hyaline degeneration and necrosis, and in such areas many polymor- 
phonuclear leucocytes were visible. Masson’s? trichome and Gros-Bielchowsky’s stains 
(as recommended by Blanchard’) revealed the stroma to be composed of an admixture 
of neurofibrils and delicate strands of fine connective tissue. In certain areas the 
neurofibrils assumed a palisade arrangement suggesting their true origin from the 
sheath of Schwann, and although numerous portions were sectioned, no adult ganglion 
cells were demonstrable. The tumor was well differentiated and mitotic figures 


were extremely rare. 


Fig. 2 (Case 1).—Note the intertwining bundles of fibrous tissue in which neuro- 
fibrils were demonstrated by special stains, H & E.; low power magnification. 


Diagnosis.—Neurofibroma or neurinofibroma. (Chest tumor registry No. 77998, 
neurofibroma. ) 

Progress Report.—This patient made an uneventful recovery and he was dis- 
charged from the hospital without the occurrence of complications of any kind, the 
lung rapidly re-expanding. The operation resulted in complete relief of pain and 
there has been a marked improvement in the condition of the skin of the hand, al- 
though there is still anhydrosis of this arm and hand and side of the face. There 
has been no improvement of the Horner’s syndrome. He has been able to work 
constantly since dismissal. 

CASE 2.—M. S., aged 19 years, is a white male with the R. A. F. He had no 
complaints. 

History of the Present Illness.—This patient enlisted in the R. A. F. in England, 
Feb. 13, 1941. Ordinary chest examinations were carried out, but no x-ray of the 
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chest was taken. Previous to enlistment and since then, he felt perfectly well and 
complained of no symptoms whatever. In particular there had been no chest pain, no 
shoulder girdle pain or pain about the right shoulder region, no cough, no sputum, 
and at no time had he run a fever. Two months ago he was transferred to this 
country under the Empire Training Plan, and was here x-rayed. An opacity was 
found in the right upper chest which was diagnosed as tumor, and he was referred 
to one of us (V. D. S.) for investigation. 


Personal and Family History.—At the age of 5 years he had bilateral pneumonia, 
preceded by diphtheria, and otherwise, except for measles, he had always been well. 


Examination.—In the right respiratory system there was a slight decrease in the 
percussion note from the apex to the sixth dorsal vertebra. Below this there was 
normal percussion resonance. From the apex to the sixth dorsal vertebra breath 
sounds of normal vesicular type were heard but were somewhat distant. There 
were no rales or frictions to be made out. There was slight decrease in voice 
transmission. Below the seventh dorsal vertebra the breath sounds were of normal 
vesicular type, with no rales, no frictions, and with normally transmitted voice 
sounds. In front, percussion was of a normal resonance, breath sounds of normal 
type, and no rales or frictions were made out. On the left there was normal per- 
cussion resonance in both front and back. Breath sounds were of the normal 
vesicular type, no rales or frictions being heard. 


Fig. 3 (Case 2).—Large dense tumor shadow with smooth edges filling the right dome. 


Laboratory Findings—The red blood count was 4,910,000 e.mm.; white blood 
count, 3,000 per c.mm.; hemoglobin, 84 per cent; color index, 0.85; eosinophiles, 
4 per cent; stabs, 5 per cent; segmented polymorphonuclears, 42 per cent; lympho- 
cytes, 44 per cent; mononuclears, 5 per cent; urine, no abnormality; and Wasser- 
mann, negative. 
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X-ray Reports.— 

Stereoscopic: On the right there was an opacity extending from the apex to the 
second rib and lower border of the sixth dorsal vertebra. This was triangular in 
shape with the base at the dome, extending outward to the clavicle and the apex 
(of the opacity), somewhat rounded and situated opposite the inner end of the 
second rib. The opacity was of uniform density except for numerous small, scattered 
nodular calcifications opposite the first interspace at the junction of the middle and 
inner zones. These calcifications appeared to be within the dense mass and not 
related to the ascending trunks. The lung field below this area was within normal 
limits and the diaphragm was normal. Hilar shadow was slightly increased, but did 
not contain any dense areas suggesting glandular enlargement. On the left all find- 
ings were normal. The diaphragm was essentially normal, heart and mediastinum 
were in the normal position, and there was no displacement of the trachea. 

Anteroposterior and lateral film examination of the upper portion of the right 
lung following the supraglottic administration of 12 ¢.c. of lipiodol revealed the 
following findings: The trachea was in the midline and showed no evidence of com- 
pression or constriction. The upper lobe bronchi were all well outlined and distinct, 
with the possible exception of the small secondary bronchi close to the mediastinum. 
There was no evidence of constriction or obstruction of the primary or secondary 
bronchi visualized. The bronchi were seen to ascend beyond the opacity to the level 
of the third dorsal vertebra, this being presumptive evidence that the mass was 
extrapulmonary, especially so since the primary upper lobe bronchus was normal in 
appearance. The anterior bronchi, as seen in the lateral view, were well filled to the 
periphery of the lung field, whereas the posterior bronchi were not visualized to the 
periphery over the apex. From this one would assume that the mass was in the 
posterior mediastinum compressing the lung forward. 

Flat Film: After the induction of artificial pneumothorax the following findings 
were revealed: In the right lung there was approximately an 80 per cent collapse 
which was uniform throughout, and no adhesions were present. The apex of the lung 
had fallen away from the tumor mass but remained indented or cup shaped due to 
previous contact with the tumor. A considerable amount of lipiodol remained in the 
hilar region. There was a large spherical tumor filling the whole dome of the chest 
from the first to the seventh dorsal vertebra, posteriorly, and the second rib, 
anteriorly. The left lung field was clear. The heart and mediastinum were displaced 
slightly to the left due to the artificial pneumothorax. 

Thoracoscopic Examination.—The thoracoscope was introduced into the fifth space 
in the postaxillary line and the interior of the chest was observed. There was ap- 
proximately a 90 per cent collapse of the lung. Both the visceral and parietal pleura 
were thin, moist, and glistening. The upper lobe showed a fairly marked degree of 
anthracosis. No adhesions were present. A greyish, solid tumor the size of a large 
apple was filling the whole dome. The pleura over it was thin. Its anteroposterior 
dimension extended from the bodies of the vertebrae behind to the cartilage in front. 
Its appearance suggested a benign neurogenic tumor. 

Operative Report.—The usual curved incision around the vertebral border of the 
scapula was made, the muscles cut through, and the thoracic cage exposed. The sec- 
ond and third and a part of the fourth ribs were resected subperiosteally and the 
pleural cavity entered through the third rib bed. The tumor was found filling the 
whole dome. It was the size of a large apple and had pushed the pleura forward 
from behind. The pleura was incised around it and the tumor removed. Its pedicle, 
which was posterior in the region of the third dorsal vertebra, was clamped, cut, 
and tied. The wound was closed in layers. After closure the intrapleural pressures 
were -1 and +1. Air, 850 ¢.c., was removed and final readings were -12 to -2. 

Pathologic Report——The gross appearance of the tumor, measuring 4 x 3% x 
31% inches, was spherical and encapsulated with a smooth shining surface. It was 
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densely hard and cut with a firm rubbery sensation. On section, it had a glistening 
white character and appeared not unlike a simple, hard fibroma. One area of cal- 
cification was noted. 

Histologic Examination—The tumor had a somewhat variegated appearance 
with areas of well-formed fibrous tissue in which definite bundles of nerve fibrils 
were distinguishable. In other areas the stroma was of a looser type and showed 
many typical large adult ganglion nerve cells interspersed through it (Fig. 4). The 
ganglion cells were, for the most part, oval in shape with a pale basophilic cytoplasm 
and distinct nucleus with nucleolus. The tumor was completely differentiated and 
no heterotype mitoses or immature nerve cells were seen. 

Diagnosis.—Ganglioneuroma. (Chest tumor registry No. 77999, ganglioneuroma.) 

Progress Notes—The patient made an uneventful recovery and was discharged 
without complication. The lung rapidly re-expanded and he has returned to active 
duty in the R.A.F, 


Fig. 4 (Case 2).—Photomicrograph showing loose fibrillar stroma in which typical 
large adult ganglion cells can be seen. H & E. stains used; low power magnification. 


CASE 3.—Mrs. E. C., a 35-year-old white housewife, complained of pain in the 
right chest. 


History of Present Illness——Approximately eighteen months ago the patient 
noted mild pain in the right lower chest which was of aching character but not 
constant or severe. She had no cough, shortness of breath or sputum, and no his- 
tory of weight loss or fatigue. Because she was a tuberculosis contact, she had 
been x-rayed some months previously to determine whether or not tuberculosis was 
present. The lung fields were clear insofar as parenchymal disease was concerned, 
but a tumor mass the size of a small apple was found below the right hilus, extend- 
ing from the mediastinum. She was sent to a hospital for treatment and investiga- 
tion. There she was told that she had a tumor mass which could not be operated 
upon and she returned home without treatment. During this interval she remained 
well, with the exception of the mild chest pain. X-ray pictures were forwarded to 
one of us (V. D. S.) and operative treatment advised. 

Physical Examination.—In the respiratory system there was a normal percussion 
resonance throughout both the front and back. Breath sounds were of normal 
vesicular type. No rales and no frictions were made out. 
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Laboratory Findings.—Urine showed no abnormality; red blood cells, 3,800,000 
per e.mm.; white blood cells, 8,950 per ¢.mm.; hemoglobin, 78 per cent; Kahn, 
negative. 


Pneumothorax was initiated and carried to 90 per cent. 





Fig. 5 (Case 3).—Smooth, dense, rounded shadow extending from the mediastinum in 
the right hilar region. 





Fig. 6 (Case 3).—Photomicrograph of tissue stained by Gros-Bielschowsky method, 
showing numerous neurofibrils and nerve cells; low power magnification. 
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X-ray of Chest.—The left lung findings were normal. In the right lung there was 
some accentuation of the bronchial markings of the lower right lobe. A rounded, 
smooth bordered area of opacity was seen at the level of the third and fourth inter- 
spaces, which extended laterally from the right margin of the mediastinum for 
about two inches into the lung field. Both diaphragms were normal and the costo- 
phrenic sinuses clear. The visible border of this area was not characterized by 
inflammation or malignancy. A benign tumor of the mediastinum was probably 
neurogenic. There was no evidence of adhesions. About 50 per cent of collapse 
was present. 

Thoracoscopic Examination.—The thoracoscope was introduced into the sixth space 
in the postaxillary line and the interior of the chest observed. There was 90 per 
cent collapse of the lung with no adhesions present. Both pleurae were thin and 
glistening and there was no effusion. The lung surfaces appeared normal. Lying 
in the spinal gutter between the sixth and seventh ribs was a round, smooth, hard, 
greyish tumor the size of an apple. This appeared like a benign neurogenic tumor. 
Instruments were removed and pressure dressings applied. 

Operative Report.—Incision was made over the sixth rib, muscles cut through, 
and thoracic cage exposed. A portion of the fourth and fifth ribs was removed 
subperiosteally from the angles forward and the pleura opened. The tumor was 
situated below the hilus and extended out into the gutter. It was covered with 
pleura, which was incised around its base, and the tumor shelled out easily. Bleed- 
ing was controlled, and the thoracic wound closed in layers. Air, 2,000 ¢.c., was 
removed and final pressure was -10 to +4. 

Pathologic Findings—The tumor, in gross appearance, was encapsulated, well 
circumscribed, and formed an oval mass measuring 244 x 2 x 1% inches. On sec- 
tion it had a variegated appearance with translucent intersecting bands of fibrous 
tissue, red hemorrhagic and vascular areas alternating with yellowish white areas. 

Histologic Examination.—The tumor, which was moderately vascular and showed 
areas of hemorrhage, consisted predominantly of a fairly dense fibrous stroma, which 
in places was hyaline, but in other areas was loose, edematous, and fibrillar. In the 
former, particularly, were small groups of rather atypical cells (scattered irregu- 
larly) which by Gros-Bielschowsky’s stain had the characteristics of nerve cells 
producing numerous neurofibrils (Fig. 6). For the most part the cells were oval 
in shape and had one or more processes extending from them. They obviously be- 
longed to the ganglion cell type but were more immature than adult ganglion cells 
such as were seen in the second case, described above. Yet they did not have the 
immature characteristics of neuroblasts, or sympathoblasts. Few heterotype mitoses 
were seen. The lack of cellularity and the predominance of the relatively adult 
cells were such that one could not include this tumor in the groups of completely un- 
differentiated sympathicoblastomas or incompletely differentiated neuroblastomas. 
We felt that this tumor must be regarded as a ganglioneuroma, of the still benign 
but immature type (Ganglioneuroma immaturum) described by Von Fischer,? 
in contradistinction to the fully adult and commoner type of which our second case 
was an example. This case was similar to that described by James and Curtis.1 

Diagnosis—Ganglioneuroma immaturum. (Chest tumor registry No. 78484, 
neurofibroma|[ ?].) 

Progress Notes.—This patient made an uneventful recovery insofar as her chest 
was concerned, with rapid re-expansion of the lung; however, she developed a right 
femoral phlebitis, which subsided under treatment. 


CLINICAL DISCUSSION 


Benign neurogenic neoplasms of the mediastinum show no definite 
symptom complex. Ray’? in recording his experience with malignant 
tumors of the apex of the chest pointed out that nearly all presented a 
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definite clinical picture, namely, shoulder girdle and arm _ pain, 
anhydrosis of the upper extremity and chest, sensory and muscular 
changes of the arm, and Horner’s syndrome. One of our cases (Case 1) 
with tumor at the apex presented such a picture, while another (Case 2) 
with a larger tumor did not. It would appear from the various reports 
that the vast majority of benign tumors arising in this location do not 
produce any such characteristic chain of symptoms. 

Probably the most constant symptom of these tumors is pain, which, as 
a rule, is not severe but is of a Aull, aching neuralgic type. It usually 
radiates along the course of one or more of the intercostal nerves. 
Characteristic pleural pain is seldom, if ever, seen. These tumors are 
usually situated in the posterior mediastinum, and are also laterally 
placed, and being covered only by pleura, it makes expansion into the 
chest cavity easy, with the result that the lung only is compressed. Due 
to this fact, such symptoms as cough, dyspnea, and cyanosis occur infre- 
quently in contradistinction to their occurrence with other mediastinal 
tumors, such as dermoids, bronchogenic carcinoma, thymoma, and tumors 
of lymph gland origin. Neurogenic tumors may reach a great size with- 
out causing symptoms of any kind and may be found only during routine 
clinical and radiologic examinations or examinations for other conditions, 
as in Case 2. 

There are also no characteristic physical signs. If large and located in 
the apex, dullness on percussion and absence of breath sounds may be 
observed. If small or placed at a lower level, there may be no abnormal 
physical signs whatsoever. 

The diagnosis is made on the x-ray and thoracoscopic examinations. 
The former is quite definite. These tumors extend from the side of the 
mediastinum and cast a smooth, round, dense shadow. In the majority 
of cases no displacement of the trachea or other mediastinal structures 
is caused, and unless the tumor fills the apex of the chest by lateral ex- 
pansion, there is the appearance of a perfect sphere. On some occasions, 
areas of calcification are to be seen within. 

The thoracoscopic appearance after pneumothorax is also quite charac- 
teristic. The pleura covering the tumors is thin and glistening and has 
a normal appearance. Evidence of inflammatory reaction is lacking. 
The tumors themselves are spherical and smooth and of a greyish color. 
By manipulating the instrument it can be observed that the pleura 
overlying the tumor is not densely fixed to it and this mobility becomes 
more apparent at operation, as it can be peeled easily from the surface. 


PATHOLOGIC DISCUSSION 


The vast majority of intrathoracic neurogenic tumors are now known 
to arise from the sympathetic nervous chain or its anlagen and any 
classification should, therefore, be based upon the embryologie develop- 
ment of the sympathetic system. Perhaps the simplest classification is 
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that of Seott and Palmer," which they state is a modification of Von 
Fischer’s,® and is based on Kuntz’s'? work in which he describes the 
sympathetic primordium as consisting of cells which migrate outward 
from the ventral nerve roots and neural crests. These undifferentiated 
cells or sympathogonia are of lymphoid type and pluripotential, and 
may, according to Bailey and Cushing,” give rise to: 
1, Neuroblasts, from which the ganglion cells of the sympathetic nervous 
system. develop. 


2. Pheochromoblasts, the progenitors of the pheochromocytes of the adrenal 
medulla and paraganglionic bodies. 


3. Astroblasts, immature glial cells of the sympathetic nervous system 
which later become astrocytes. 


According to Andrus‘ the migrating undifferentiated cells also give 
rise to the neurolemma or nucleated sheath of Schwann. Seott and 
Palmer’s!! classification is as follows: 


1. Completely undifferentiated, sympathicoblastoma : 
(a) Tumors composed of migrating cells or sympathogonia. 
(b) Sympathoblastoma. 
2. Incompletely differentiated : 
(a) Sympathetic neuroblastoma. 
(b) Pheochromoblastoma. 
(ec) Astroblastoma. 


3. Completely differentiated : 
(a) Ganglioneuroma. 
(b) Pheochromocytoma. 
(ec) Astroeytoma. 


The main objection with this classification is that it makes no pro- 
vision for one of the large groups of benign neurogenic tumors, namely, 
the neurofibromas such as Case 1 described above. These tumors usually 
show in some areas a definite pallisading of cells suggesting their origin 
from the sheath of Schwann and thus placing them in the group of 
neoplasms variously known as neurinomas, schwannomas, or perineurial 
fibromas, that have been so ably described by Masson.'° Because of this 
relationship it has been suggested by Verocay'® that they be termed 
neurinofibroma rather than neurofibroma. In addition, it is felt that 
Von Fischer’s subdivision of the ganglioneuromas into at least two types 
is warranted. Case 2 belongs to the adult or simplex type which he 
describes, while we feel that because of the relative immaturity of the 
type cell in Case 3, it belongs to his immaturum group, which must still 
be regarded as of benign character. 


It should be emphasized that many blocks may be examined from 
any one tumor since the histologic picture may be exceedingly varied in 
different portions and thus the true nature of the neoplasm not realized ; 
for instance, the typical ganglionic cells which are diagnostic of 
ganglioneuroma are often so dispersed in the tumor that they are only 
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found in a few blocks. Furthermore, it has been demonstrated that such 
tumors may be simple in one portion, while showing malignant char- 
acters in another. James and Curtis' suggest that even though em- 
bryonic elements are found present, removal of the tumor usually leads 
to recovery without recurrence of the growth or development of subse- 
quent metastases. Operative removal is thus indicated even though the 
symptoms present may be negligible. 


SUMMARY 


1. Three cases of benign intrathoracic neurogenic tumors are de- 
scribed, namely, a neurinofibroma, a ganglioneuroma simplex, and a 
ganglioneuroma immaturum. 

2. All were removed surgically with good results. 

3. A brief discussion on their symptomatology, pathologic characters, 
and relation to Von Fischer’s and Scott and Palmer’s classification is 
given. 
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BASAL TUBERCULOSIS 


JoHN B. Anposca, M.D., AND JoHN A. Forry, M.D., F.A.C.P. 
Boston, Mass. 


HE incidence of lower lobe tuberculosis is estimated by various 

writers as being anywhere from 1 in 50 eases to 1 in 500 eases. 
Hamilton and Fredd‘ reported 10 out of 349 eases ; Lathrop and Lyman,° 
88 out of 2,809 cases; Wiedman and Campbell,’ 40 out of 1,401; Busby,’ 
52 out of 3,659 cases; Reisner,® 34 out of 4,994 cases. 

In a series of 3,103 cases admitted to the Boston Sanatorium during 
the years 1935 to 1940 inclusive, 32 patients, or about 1 in 100, were 
found to have basal tuberculosis. No ease was classified as basal tuber- 
culosis unless proved so by roentgenograms and the presence of tuber- 
ele bacilli in the sputum. 

In the selection of cases, an attempt has been made to obtain clear- 
cut basal type lesions. Cases presenting multiple pulmonary lesions 
were discarded. In none of the cases was there disease in the remain- 
ing homolateral lung or in the contralateral lung. 

There are many theories concerning the development of basal tuber- 
culosis. The most likely and logical explanations appear to be a rup- 
ture of a hilar or tracheobronchial lymph node into a large bronchus, 
or the lodgment of a massive infection in the terminal bronchiole and 
alveoli. 

By radiographic studies, lesions of the basal parenchyma have been 
classified into fine nodose or pneumonie infiltrations. The fine nodose 
type, with its slow course and mild symptoms, is perhaps due to a 
direct extension from the tubereulous tracheohilar lymph nodes. The 
pneumonie infiltrative type, with its rapid course and acute symptoms, 
is most likely brought about by rupture of a tracheohilar lymph node 
with the deposition of a massive infection in the terminal bronchioles 
and alveoli. 

It is to be remembered that infiltration of the basal parenchyma 
secondary to pleurisy or pneumonia may be an important predisposing 
factor. Hence, it is important for there to be a more accurate check-up 
on all cases of pneumonia, particularly those with delayed resolution. 
We believe that if this were done, many more eases of basal tuber- 
culosis would be detected. It is also possible that an attack of pneu- 
monia may activate some calcified or apparently arrested tuberculous 
foci in the basal parenchyma. 

Out of 1,272 female tuberculous cases, 26 women were found to have 
basal tuberculosis for a percentage of 2.04. During the same period, 
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out of 1,831 male eases, 6 patients were found to have basal tuberculosis 
for a percentage of .32. This predominance of the female is certainly 
striking. Some authorities go so far as to say that basal tuberculosis 
in men is extremely rare. 

TABLE I 


DATA ON LOWER LOBE TUBERCULOSIS 








MALE FEMALE 


Number of cases of pulmonary tuberculosis 1,831 1,272 
Number of cases of lower lobe tuberculosis 6 26 
Percentage of basal tuberculosis 32 2.04 
Average duration of symptoms (in months) 6 3 
Hemoptysis present 3 15 
Hemoptysis absent 11 
Cavity present 21 
Cavity absent 5 
Sputum positive 26 
Sputum negative 0 
Right-sided involvement 18 
Left-sided involvement 8 





> 











The difference in the type of breathing between the male and the 
female may offer some explanation for this occurrence. It is a known 
facet that in males the lungs, especially the bases, are expanded by dia- 
phragmatie excursions, whereas in the female, expansion is brought 
about mostly by costal action. 

Therefore, it is quite logical to suppose that the bases of the lungs 
in females are less well aerated than in the males and hence more liable 
to basal infection. 

It has also been shown that there is a predominance of basal lesions 
involving the right side. Of the 26 female patients, 18 had right-sided 
disease, and in the 6 male patients, 4 had right-sided involvement. 

In our series of 32 cases, 2 patients were colored. 


TABLE II 


STAGE OF DISEASE ON ADMISSION 











Pewee ee SS | Feeeee —— 


Minimal 
Moderately advanced 
Far advanced 


1 3 
2 15 
° 
o 


8 


MALE FEMALE 





The stage of disease on admission in the 26 females was 3 minimal, 
15 moderately advanced, and 8 far advanced. The stage of disease in 
the 6 males was 1 minimal, 2 moderately advanced, and 3 far advanced. 

Some clinicians report a rather high incidence of diabetes mellitus in 
basal tuberculosis. In our series of 32 cases, 3 patients were found to 
have diabetes mellitus. 

The symptoms of lower lobe tuberculosis are quite variable. Some 
cases may have the typical upper lobe tuberculous symptoms while 
others begin like an acute pneumonie condition. The average duration 
of symptoms in the female was three months, and in the male cases 
six months, 
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In patients having a fine nodose infiltration of the basal parenchyma, 
the symptoms are more or less the same as in the upper lesion type. 
But in the pneumonie infiltration type, the fever is generally higher, 
the patient is much more toxic, and there appears to be a greater tend- 
ency to pulmonary hemorrhages. Of the 26 female patients, 15 were 
admitted with a history of hemoptysis, and of the 6 male patients, 3 
presented a like history. 

In view of the brief duration of the symptoms presented by most of 
these patients, it is interesting to note that basal lesions have a great 
tendency toward early ulceration and eavitation. Of the 26 female 
patients, 21 had cavitation on admission, and of the 6 male patients, 4 
had eavitation. All of the 32 cases had a positive sputum on admission. 

The differential diagnosis between tuberculous basal lesions and non- 
tuberculous lesions such as unresolved pneumonia, abscess, cancer, syph- 
ilis, fungus infection, bronchiectasis, infaret, and chronic pneumonitis 
may present some difficulty. Consequently, in order to arrive at a cor- 
rect diagnosis, it is essential to obtain a careful history, physical ex- 
amination, sputum tests, gastric lavage, guinea pig inoculation, serial 
roentgenograms including lateral views, fluoroscopy, and tubereulin tests. 

It may be necessary to introduce lipiodol into the bronchial tree to 
rule out bronchiectasis. One should not hesitate to employ bronchos- 
copy as a diagnostie aid. 

Patients having basal tuberculosis, when adequately treated, behave 
much the same as patients with disease elsewhere in the lungs. 

Due to the rapid course of the disease and cavity formation, collapse 
therapy should be instituted as early as possible to prevent further 
spread and extension to the contralateral lung. Some eases require 
only pneumothorax, while others require some form of phrenic nerve 
surgery. We do not hesitate to combine both procedures to insure 
closure of a cavity and conversion of the sputum. Fremmel’ maintains 
that basal lesions of recent origin are favorably influenced by pneumo- 
peritoneum in addition to phrenicectomy. 

Because of the unusual location of the lesion, thoracoplasty is not 
adaptable, although Freedlander? reports good results with this form of 
collapse in two eases of right-sided basal disease. 

It is our opinion that any adhesion preventing a satisfactory col- 
lapse, irrespective of a positive or negative sputum, is an indication for 
a pneumonolysis. 

The status of the 32 cases after collapse therapy was: Apparently 
arrested, 15; quiescent, 7; improved, 4; unimproved, 3; dead, 3. 
Cases demonstrating different types of collapse therapy in the treat- 
ment of basal tuberculosis are presented here. Case 1 was treated by 
pneumothorax alone; Case 2 by phrenic nerve operation alone; Case 3 
by pneumothorax followed by phrenie nerve operation; and Case 4 by 
phrenic nerve operation followed by pneumothorax. 
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TABLE IIT 


STATUS OF PATIENTS AFTER COLLAPSE THERAPY 








NUMBER PER CENT 


Apparently arrested 15 46.8 
Quiescent if 21.8 
Improved 4 12.4 
Unimproved 3 9.3 
Dead 3 9.3 








CASE 1.—The patient was a 26-year-old, white married female. Family history 
revealed a sister-in-law who had pulmonary tuberculosis. Past history of the patient 
was negative. 

She was admitted with a six weeks’ history of cough, slight expectoration, occa- 
sional streaking, weakness, night sweats, loss of appetite and loss of fourteen 
pounds in weight. The temperature ranged from 97 to 101° F.; pulse, 80 to 110; 
respirations, 20 to 24. The sputum was positive for tubercle bacilli; sedimentation 
rate, 24 diagonal curve (Cutler method); urine, negative; Hinton, negative; blood 
picture and blood sugar within normal limits. 


% 


Fig. 1. 


Fig. 1 (Case 1).—Density in the right lower lung field. 
Fig. 2 (Case 1).—Right pneumothorax. 


Examination of the right chest revealed dullness over the lower half, diminished 
tactile fremitus, bronchial breathing, and medium rales. The left chest was nega- 
tive (Fig. 1). Pneumothorax was instituted on the right side and a good collapse 
was obtained (Fig. 2). 

The patient became asymptomatic, sputum was negative, and sedimentation 
dropped to 12 diagonal line. 


Case 2.—The patient was a 16-year-old, white, single schoolgirl. The family 
history was negative, as was past history of the patient. 

She was admitted with a five weeks’ history of cough, expectoration of 1 oz. of 
mucopurulent sputum daily, weakness, night sweats, right-sided chest pains, loss 
of appetite, and loss of fifteen pounds in weight. 





ANDOSCA AND FOLEY: BASAL TUBERCULOSIS 263 


The temperature ranged from 97 to 101° F.; pulse, 80-110; respirations, 20 to 22. 
The sputum was positive for tubercle bacilli; sedimentation rate, 32 diagonal curve 
(Cutler method); Hinton, negative; urine, negative; blood picture and blood sugar 
within normal limits. 

Examination of the chest revealed dullness, bronchial breathing, and crepitant 
rales at the right base. The left lung was negative (Fig. 3). On fluoroscopic 
examination, good excursions of the right diaphragm were seen. A right phrenico- 
exairesis was performed and a good rise of the diaphragm was obtained (Fig. 4). 

The patient became asymptomatic, sputum was negative, and the sedimentation 


rate dropped to 14 diagonal line. 


eee 


Fig. 3. Fig. 4. 


Fig. 3 (Case 2).—Infiltration of the right lower lung field with cavity in the region 
of the right lung root. 
Fig. 4 (Case 2).—Right diaphragm elevated. 


CASE 3.—This patient was a 27-year-old, white, single female. Family history 
and past history were negative. 

The patient was admitted with a two months’ history of frequent hemoptyses 
oz., cough, slight expectoration, loss of appetite and loss of 
The temperature ranged from 97 to 99.2° F.; pulse, 80 
The sputum was positive for tubercle bacilli; sedi- 


ranging from % to 2 
eight pounds in weight. 
to 90; respirations, 20 to 24. 
mentation rate, 16 diagonal line (Cutler method); Hinton, negative; urine, nega- 
tive; blood picture and blood sugar within normal limits. 

Examination of the right chest revealed moderate dullness over the lower half 
with cavernous breath sounds and medium rales. The left chest was negative (Fig. 
5). Pneumothorax was instituted on the right side, but this form of collapse was 
discontinued after two and one-half months because of its ineffectiveness and per- 
sistent positive sputum (Fig. 6). 

Phrenicectomy was performed on the right side with excellent results. Good 
elevation of the right diaphragm was obtained as was seen by roentgenograms and 
fluoroscopic examination (Fig. 7). 

The patient became asymptomatic, sputum was negative, and the sedimentation 
rate dropped to 5 horizontal line. 
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CasE 4.—The patient was a 42-year-old, white, married female. The family his- 
tory was negative. Past history was also negative. 

This patient was admitted with a six weeks’ history of cough, expectoration of 
2 oz. of yellowish sputum daily, weakness, frequent chills, night sweats, loss of ap- 
petite, and loss of twelve pounds in weight. 

The temperature ranged from 98 to 100.2° F.; pulse, 88 to 100; respirations, 
20 to 26. The sputum was positive for tubercle bacilli; sedimentation rate, 27 





~- 





Fig. 5. Fig. 6. 
Fig. 5 (Case 3).—Infiltration of right lower lung field with cavity at the mid- 
periphery. 
: Fig. 6 (Case 3).—Right pneumothorax; note poor collapse and numerous ad- 
nesions. 





Fig. 7. Fig. 8. 


Fig. 7 (Case 3).—Right diaphragm elevated. 
; _ 8 (Case 4).—Infiltration of right lower lung field and large cavity with fluid 
evel. 
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diagonal curve (Cutler method); Hinton, negative; urine, negative; blood picture 
and blood sugar within normal limits. 

Examination of the right chest revealed dullness over the lower half with 
cavernous breath sounds, bronchophony, whispering pectoriloquy, and crepitant 
rales. The left chest was negative (Fig. 8). 

On fluoroscopic examination, some excursion of the right diaphragm could be 
seen. In view of this fact, a right phrenico-exairesis was performed. This form 
of collapse was not successful in closing the cavity and converting the sputum 
(Fig. 9). 





Fig. 9. Fig. 10. 


; Fig. 9 (Case 4).—Case following phrenemphraxis showing poor elevation of the 
diaphragm; cavity, although smaller, is still patent. 
Fig. 10 (Case 4).—Right pneumothorax. 





Pneumothorax was instituted, and good collapse of the right lung was obtained 
as confirmed by rogentgenograms and fluoroscopic examination (Fig. 10). 

The sputum became negative for tubercle bacilli, the patient was asymptomatic, 
and the sedimentation rate dropped to 6 horizontal line. 


SUM MARY 


1. In a series of 3,103 patients admitted to the Boston Sanatorium 
during 1935 to 1940 inclusive, 32, or 1.03 per cent, were found to have 
basal tuberculosis. 

2. Basal tuberculosis was much more prevalent in the female, and 
the right side was more frequently involved. 

3. An acute onset with rapid cavity formation and hemoptysis was 
commonly seen. 

4. Of the 32 patients admitted, 4 were in the minimal stage, 17 
moderately advanced, and 11 far advanced. 

5. The diagnosis was made chiefly by serial roentgenograms and 
sputum examination. 
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6. Pneumothorax, phrenic surgery, or a combination of .both pro- 
cedures should be instituted as soon as possible. 
7. Cases demonstrating the management of basal tuberculosis were 


presented. 


We are grateful to Dr. Horace Binney, visiting surgeon, and other members of 
the staff for any assistance rendered in the preparation of this paper. 
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THE PRINCIPLES INVOLVED IN THE SURGICAL TREATMENT 
OF DIAPHRAGMATIC HERNIAS IN CHILDREN 


JoHN M. Dorsey, M.D. 
CuricaGo, ILL. 


A S a 4-year-old girl, entered the Presbyterian Hospital, Chi- 
. ., eago, on April 24, 1939. She was prematurely born at 
seven months on Dec. 13, 1934, in the same institution. At birth her 
weight was 5 pounds 14 ounces and she appeared to be well developed. 
Ten days after birth her temperature rose to 102° F. There soon de- 
veloped a swelling in the left maxillary area apparently due to os- 
teomyelitis of the maxilla. There was also considerable purulent drain- 
age from the left nostril. The process subsided with the application of 
warm moist dressings. Several dental buds were curetted away be- 
fore the child was permitted to leave the hospital on Feb. 3, 1935. 

On March 19, 1935, she was readmitted and was operated upon by 
Dr. Frederick B. Moorehead for osteomyelitis of the left maxilla. At 
this admission the intern’s notes state that the chest was negative. 
However, following operation a temperature elevation of 102° F. 
called attention to the left chest which was described as being dull to 
percussion; breath sounds were absent over the left lower lobe area. 
Aspiration pneumonia and lung abscess were suspected with the in- 
fected jaw as the source of aspirated secretion. The condition seemed 
to clear and the temperature became normal. Chest fluoroscopy on 
March 20 was as follows (Figs. 1 and 2): ‘‘The heart shadow is within 
normal limits. There is an increase of lung markings extending out- 
ward and upward from the left hilum suggesting an area of infection. 
The rest of the lung field is within normal limits. Diaphram shadows 
clear. No evidence of thymic enlargement.’’ The child was discharged 
from the hospital on Mareh 25, 1935, six days after admission; her 
temperature was normal. 

Her parents were aware that her physical development was impaired. 
She was bright and alert but did not grow and gain weight as might 
be considered normal for her age. This was at first ascribed to her 
prematurity and the infection which had occurred soon after birth. 
Early in 1939, the parents became more concerned and consulted 
Dr. C. J. Harrison who observed the visible cardiac impulse displaced 
far to the right, and an absence of breath sounds in the left pulmonary 
base associated with hyperresonance. The abdomen was much less 
full than is normal. Fluoroscopic examination was requested to con- 
firm the diagnosis of congenital left diaphragmatie hernia (Fig. 3), 
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probably through the foramen of Boechdalek, and the child was admitted 
to the Presbyterian Hospital again on April 24, 1939. 

At this time her weight was 2614 pounds. Physical examination 
revealed a blonde 4-year-old girl, bright and alert, with physical 
findings as noted above. Blood count showed a hemoglobin of 70 per 





Fig. 1.—Roentgenogram of chest on March 20, 1935, when patient was 3 months 
of age, when surgery was done for osteomyelitis of mandible. There is an increase 
Pte ag markings extending from the left hilum; no obvious evidence of diaphragmatic 
cent, erythrocytes 4,350,000, leucocytes 8,200. Urinalysis was negative. 
Barium studies (Figs. 4 and 5) of the abdomen and chest revealed 
the stomach and duodenum below the diaphragm; the jejunum and 
an undetermined length of small bowel were in the left chest; the 
colon proximal to the splenic flexure was also above the diaphragm. 
The diaphragmatic defect seemed to be in the posterior median quadrant. 
Prior to surgery the blood was found to be type III (Moss). 
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On April 26, 1939, through a one-inch incision one fingerbreadth 
above the left clavicle, the anterior scalenus muscle was approached 
in the usual manner. The phrenic nerve in this instance was a firm 
filamentous strand running in a characteristic location downward and 
medially on the scalenus anticus muscle. The nerve was crushed, with 
a small amount of muscle, quite thoroughly. Fluoroscopy on the next 
day showed a definitely elevated left diaphragm. 


Fig. 2.—Roentgenogram of chest at 4%, months; gas in the bowel below the dia- 
phragm is visible, but changes in left chest are more evident. 


On April 28, 1939, under ethylene anesthesia, the seaphoid abdomen 
was incised and through a left upper paramedian incision the left 
rectus muscle was reflected laterally and the peritoneal cavity entered. 
There was an almost complete absence of the normal abdominal con- 
tent. The entire jejunum, the terminal ileum, appendix, ascending 
and proximal two-thirds of the transverse colon as well as the spleen 
were found and removed from the chest by gentle traction after a 
catheter had been inserted. A very wide exposure was obtained of a 
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6 em. long oval defect in the posteromedial aspect of the left diaphragm. 
There was no sac nor were adhesions present. The edges of the defect 
were freshened. Closure was made in the long axis of the 
defect with interrupted mattress sutures of double braided silk. Ad- 
ditional interrupted silk sutures completed the overlapping closure of 
the relaxed diaphragm. The catheter was withdrawn. Gentle suction 
was applied as the last suture was placed. 


Fig. 3.—Roentgenogram of chest when patient was 4% years of age; the abdominal 
density of the left chest is due to herniated bowel. 


The anesthetist was then instructed to change from ethylene to 
drop-ether anesthesia. The intestines, which had previously occupied 
the left thoracie cavity, were protected with warm saline moistened 
pads as the tissues of the very flat abdominal wall were manually over- 
stretched. The intestines were then replaced with moderate ease and the 
abdomen closed in layers, using five silkworm button-retention sutures. 

A portable roentgenograph of the chest was made in the operating 
room,’ and the child was returned to her room and placed in an oxygen 
tent. Intravenous fluids were administered during operation and 300 
c.e, of citrated blood were added during the rest of the day of operation. 

Her convalescence was uneventful; there was no respiratory diffi- 
culty. Breathing was not labored and the respiratory rate remained 
between 24 and 30 per minute. The pulse rate was from 90 to 102 
per minute. Oxygen was discontinued on the fourth postoperative 
day. Serial roentgenograms of the chest demonstrated the gradual ex- 
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pansion of the previously completely collapsed left lung which almost 
entirely occupied the left chest at the end of one month. 

Roentgen (Fig. 6) studies eighteen months following operation re- 
vealed a functioning left diaphragm, normal thorax, and the diaphragm 
contours smooth with all intestines in the abdomen. The child had 
gained weight and seemed in perfect health. 


Fig. 5. 
Fig. 4.—Anteroposterior roentgenogram of chest showing colon (proximal to hepatic 
flexure) occupying the left chest. 
Fig. 5.—Lateral view of Fig. 4. 


DISCUSSION 


Ladd and Gross' have recently described a two-stage operation for the 
repair of diaphragmatic hernia in infants in which the viscera, removed 
from their abnormal position in the thorax after closure of the diaphrag- 
matic defect, are allowed to remain under the skin and subeutaneous 
layers, outside of the fascia and peritoneum, at the completion of the first 
stage. A few days later these viscera are replaced within the ab- 
dominal cavity and the wound permanently sutured. They feel that 
they have reduced their operative mortality in so doing. 
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I have presented this case report in detail, along with illustrations, 
to emphasize further the necessity for recognizing how the physiology 
of respiration is affected by repair of the congenital diaphragmatic 


defect. 


Fig. 6.—Roentgenogram of chest 18 months after operation; the left diaphragin is 
somewhat higher than the right. Barium study revealed all of the bowel to be within 
the abdomen. 


It is known that pleuroperitoneal hiatus diaphragmatic hernias are 
the most common congenital variety. They also account for the greatest 
number of deaths due to hernias in infants, and these deaths are 
largely asphyxial, although some occur from intestinal obstruction. The 
reason for this is obvious, I believe, because this type of hernia is 
eapable of producing the most marked disturbance in the respiratory 
mechanism. The homolateral lung is entirely collapsed, the hemithorax 
filled with abdominal viscera, and the heart and mediastinum displaced 
to the opposite side. 

Ladd’s two-stage operation is wisely designed to reduce the respira- 
tory difficulty which repair of the hernia and removal of the viscera 
from the thorax does not entirely correct, but as a matter of fact may 


temporarily increase, as shown in Fig. 7, if these viscera are crowded 
into a contracted abdominal cavity not developed to receive them. In 
so doing, they increase intra-abdominal pressure and embarrass the 
sound lung before the collapsed lung can re-expand. 

I have seen a 3-year-old child die of asphyxia within a few hours 
after simple repair of such a hernia and while in an oxygen chamber. 
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Similar reports are found in the literature. Donovan? describes a death 
following operation in a child, 8 years of age, on whom surgical inter- 
vention had been advised two years previously. Phrenie nerve inter- 
ruption had not been done prior to hernial repair. This he advocates, 
as well as early operation to prevent the contracted abdominal cavity 
from interfering with proper replacement of viscera. 

The case report of Bohrer* illustrates very well the various procedures 
which a surgeon may utilize, if he recognizes the necessity of adhering 
to physiologic principles. In an emergency operation upon a 26-year- 
old adult male with torsion of the wandering spleen, a McBurney in- 
cision was made in the right lower quadrant to remove the spleen lying 
supra pubieally. <A left diaphragmatic hernia was found, in addition, 
which was repaired through a second, left upper rectus incision. Cecos- 
tomy was performed through the right lower quadrant incision to de- 
compress the bowel, the upper abdominal wound was closed with 
through-and-through silkworm sutures, and the rectal sphincter was 
dilated to the point of paresis. The patient was given oxygen and 
recovery followed. 
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Fig. 7.—A. Represents the relationship of the herniated viscera in the thorax after 
phrenic nerve interruption. 

B. Represents the much increased intraabdominal pressure exerting an untoward 

effect on the opposite lung before expansion of the lung on the operated side has taken 
place. This occurs when the viscera are crowded inte a contracted abdomen, as is 
seen in these hernias. 
_ In the same report and in a personal communication he mentions a 
boy, 11 years of age, known to have a left diaphragmatic hernia for 
four years. Air injected into the left pleural cavity could be made to 
enter the pelvis in the head-down position. When through a thoracic 
approach the viscera were returned to the abdomen, breathing ceased, 
to be resumed when the hernia was allowed to recur. The operation 
was not completed and death occurred from intestinal obstruction six 
months later. 

The rather simple procedure which was employed in the patient re- 
ported is illustrated in Fig. 8. Preliminary phrenic nerve interruption, 
which cannot be too strongly advocated, had been performed. The 
abdominal approach was used because of the relative ease with which 
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the diaphragm can be exposed in children. The intestines were gently 
withdrawn from the left thorax, using a catheter in the hernial orifice 
to equalize pressure. The relaxed diaphragm was repaired, and then 
instead of crowding the viscera into the contracted abdomen, deep re- 
laxation was obtained by a change to drop ether, and the abdominal wall 
was manually dilated. The viscera were easily replaced and the wound 
closed without tension. The patient was given additional oxygen to 
further guard against distention. 


Anesthetic---, 
4 











Fig. 8.—Manual dilatation of the contracted abdominal wall under ether anesthesia. 


While the procedure as described does not have the merit of the 
two-stage operation suggested by Ladd, it does offer a means of aiding 
the respiratory mechanism to accommodate until the collapsed lung 
re-expands to take over its functional share after the hernia repair. It 
may be used in older children, as in the case presented. 
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CHRONIC FIBROUS MEDIASTINITIS WITH OBSTRUCTION 
OF THE SUPERIOR VENA CAVA 


JANE ERGANIAN, M.D., aNd Leo J. Wane, M.D. 
Sr. Louis, Mo. 


BSTRUCTION of the superior vena cava produces a distinctive 
clinical picture which is recognizable by certain morphologie and 
physiologic changes incident to alteration in the circulation of the head 
and upper extremities. Venous hypertension in the area of drainage 
of the superior vena cava is responsible for the principal signs and 
symptoms. The severity of the hypertension is dependent upon the 
degree and site of the obstruction, the rapidity with which it develops, 
and the efficacy of the collateral circulation. 

Increased venous pressure within the cranial vault may be associated 
with heddache, vertigo, tinnitus, and somnolence. Large distended 
superficial veins over the face, neck, upper extremities, and trunk are 
evidences of an extensive collateral circulation, which is more promi- 
nent if the obstruction is below the azygos.*' Edema and cyanosis are 
prominent in the areas of venous hypertension. Edema of the glottis 
may be severe and may produce death. Dyspnea is common, but the 
mechanism which produces it is not clearly understood. Involvement 
of other mediastinal structures may give rise to numerous signs and 
symptoms which serve as clues to the extent and to the etiology of the 
obstruction. 

Neoplasms and aneurysms are the most common lesions responsible 
for occlusion of the superior vena cava. In either case thrombosis of 
the narrowed lumen may occur ultimately. Thrombophlebitis and 
mediastinitis are responsible for obstruction in a smaller number of 
instances. Fischer,’ in 1904, collected 252 cases of superior vena caval 
obstruction, 226 of which were examined at necropsy. He found 50 
per cent to be associated with a primary or secondary neoplasm of the 
mediastinum, 36 per cent with aortic aneurysms, 6 per cent with non- 
specific fibrosis of the mediastinum, 4 per cent with propagating thrombi 
from the periphery, 3.5 per cent with specific inflammations of the vein 
or mediastinum, and 0.5 per cent with fibrous obliteration of the peri- 
eardium. Additional reports since 1904, collected and tabulated by 
Ehrlich, Ballon, and Graham,’ show the same general causative lesions. 


*An excellent diagram of the collateral circulation pathways is included in 
Blasingame’s paper. 

From the Departments of Pathology and Medicine, Washington University School 
of Medicine and the Barnes Hospital. 
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Further insight into the possible etiologic factors is given by Ochsner 
and Dixon.‘ They studied only those cases of obstruction of the 
superior vena cava which were associated with thrombosis. They classi- 
fied the causes of thrombosis as: 36.6 per cent resulting from phlebitis, 
29.1 per cent from external compression, 23.3 per cent from mediastinitis, 
and 10.8 per cent from unknown causes. Of the 28 cases with an asso- 
ciated mediastinitis, it was felt that syphilis was the cause in 11, tuber- 
culosis in 10, trauma in 1; and in 5 instances the etiology was unknown. 
Gray and Skinner’ reported 3 cases of constrictive occlusion of the 
superior vena cava, of which 1 was thought to be caused by compres- 
sion from ealeified tuberculous lymph nodes, and 2 revealed only non- 
specific chronic inflammatory tissue on biopsy of the adjacent medi- 
astinal tissue. 

Keefer® collected 60 cases of mediastinitis (not necessarily associated 
with superior vena caval obstruction) from the records of the Boston 
City Hospital. Of these, 12 were chronic mediastinitis. In 3 instances 
tuberculosis was the etiologic agent ; 4 cases were thought to be due to 
syphilis because of associated cardiovascular lesions; and 3 may have 
been rheumatie in origin, in view of an associated mitral valvulitis. 
In the other 2 instances no clues as to etiology were available. 

Within the past few months there has been opportunity to study 
several examples of superior vena caval obstruction caused by chronic 
fibrous mediastinitis. Study of these cases and a review of the litera- 
ture suggests that a definite pathologie entity, chronic fibrous medi- 
astinitis, should be considered in the differential diagnosis, whenever 
there are the signs and symptoms of obstruction of the superior vena 
cava. The reasons for this belief and details of three cases form the 
basis of this report. 

REPORT OF CASES 

CASE 1 (Barnes Hospital No. 93355).—The patient, a 26-year-old, unmarried coal 
miner, was admitted to the medical service of the Barnes Hospital, Nov. 3, 1941. 
He complained that he had noticed ‘‘fullness’’ in the face upon bending forward 
and dizziness for three years, and prominent, superficial thoracic veins for one year. 

He said his general health had been good prior to the onset of the present ill- 
ness, but gave a history of poor appetite and a loss in weight of twenty-five pounds 
over the past few years. He had had none of the major acute infectious diseases. 
A ‘‘cigarette cough,’’ productive of small amounts of yellow sputum, had been 
present for some years. He had worked as a coal miner for the past five years. 
His habits were regular. He smoked one package of cigarettes daily and drank 
five to ten bottles of beer each week-end. 

Eight vears before admission the patient had killed several rabbits, which his 
father skinned. Two weeks later the patient and his father became acutely ill. 
Both had chills and fever, but the patient returned to work after two days of bed 
rest. He noted that he had a sore on his hand, which after two months became 
‘‘infected.’’ His hand and axillary lymph nodes became swollen, and a physician 
incised and drained the axillary nodes. The father was ill for approximately four 
months and was told he had ‘‘ rabbit fever.’’ 

Three years before admission the patient became aware of dizziness and a ‘‘full- 
ness’’ of the face and head whenever he stooped, and two years after that he 
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noticed prominent superficial veins along the costal margins and swelling of the 
face and orbital tissues upon awakening each morning. During the several months 
immediately preceding hospitalization there were complaints of malaise, poor appe- 
tite, and gradual loss of weight. However, he continued to work up to the time of 
admission to the hospital. 

Physical examination revealed a well-developed and moderately well-nourished 
young man, who did not appear ill. The temperature was 36.2° C.; pulse, 94 per 
minute; respirations, 20 per minute. The blood pressure taken from the right arm 
was 132/80 and from the left arm was 142/70. ‘The face was flushed, and over the 
thorax there were many large, prominent, tortuous veins, which filled from above. 
The veins of the neck and upper extremities were also unusually prominent. The 
superficial veins of the hand collapsed only after elevation to approximately 40 em. 
above the level of the heart. The ophthalmic veins were full but did not pulsate. 
The mucosa of the nasopharynx was congested. There were small, nontender, pal- 
pable nodes in both axillae. Other physical findings were normal. 

The red blood count was 5,700,000, and the white blood count 9,950, with a nor- 
mal differential count. The hemoglobin was 89 per cent. The Kahn test was nega- 
tive, and agglutinations for B. tularense were positive to a dilution of 1/160. 
Venous pressure in the cubital veins on the right was 270 mm. of water and on 
the left, 290 mm. Venous pressure in the right saphenous vein was 90 mm. An 
x-ray examination of the chest showed a shadow to the right of the sternum, 
which was thought to represent the vena cava. <A prominent calcified node was 
present in the right hilar region, and the parenchyma of the lung was clear. 

A diagnosis of superior vena caval obstruction was made, and the superior 
mediastinum was explored on the eighth hospital day. A portion of the fifth rib 
on the right was removed and the pleural space was entered. Upon retracting the 
lung the azygos vein and the intercostal veins were seen to be enormously dilated. 
The azygos vein could not be followed upward above the level of the right main 
bronchus. The mediastinal pleura was incised and an unsuccessful attempt was 
made to find the superior vena cava in a mass of fibrous tissue. 

The patient withstood the procedure well and his recovery was uneventful. 
Measurements of the venous pressure were made thirty-eight days postoperatively 
and were found to be essentially the same as on entry. He was discharged fifty- 
one days after admission. 

The clinical diagnosis was chronic fibrous mediastinitis with obstruction of the 
superior vena cava and the azygos vein. 


CASE 2 (Barnes Hospital No, 92314).—The patient, a 60-year-old, colored, widowed 
schoolteacher, was admitted to the medical service of the Barnes Hospital, Sept. 
17, 1941. On entry she complained of swelling of the face, arms, and breasts for 
three months. Her health had been good although she had, on the advice of her 
physician, taken thyroid medication for many years. She had also been treated 
for hypertension. Four years prior to the present admission she had had a ‘‘heart 
attack’’ and had entered the hospital for a short time, but had recovered and 
resumed her teaching. Her family, social, and marital histories were not revealing. 
Her husband had died of ‘‘pneumonia’’ three years after their marriage. She 
had no children. 

Two months prior to admission she had suddenly noticed dyspnea and ‘‘ wheez- 
ing.’’ At that time she entered a hospital. A diagnosis of ‘‘malignant growth’’ 
in the lung was made. There was considerable symptomatic improvement with 
medication (digitalis). One month later she noted swelling of the left breast and 
a return of the dyspnea, but without the ‘‘wheezing.’’ At this time she noted 
increased prominence of the superficial veins over the neck and thorax. She did 
not give this much attention because her physician had ten years previously called 
attention to conspicuous veins on the upper part of her body. During the month 
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prior to entry to the hospital she observed that breathing became more difficult. 
The progression of dyspnea and edema, plus the appearance of orthopnea, finally 
necessitated hospitalization. 

Physical examination at the time of admission revealed an obese negress, or- 
thopneic and moderately dyspneic on exertion. Her temperature was 37.5° C., 
pulse 78 per minute, and respirations 20 per minute. The superficial veins of the 
entire upper half of the body were dilated and tortuous. The veins over the 
thorax drained inferiorly. There was swelling of the left upper extremity and 
breast, and edema of the face, left arm, thorax, and sacral region. Examina- 
tion of the heart showed normal rhythm and no murmurs. The blood pressure 
was 175/90 on the left and 160/80 on the right. The percussion note was flat over 
the left base and upward into the axilla. Vocal and tactile fremitus and breath 
sounds were absent in this area. Over both lung fields posteriorly there were fine 
respiratory crepitant rales, Other physical findings were not abnormal. 

The red blood count was 4,500,000; the white count, 7,200; hemoglobin, 15.0 Gm. 
per cent; and the differential count, normal. The specific gravity of the urine 
was 1.018. There were a 2+ albumin and a few white cells in the sediment. The 
blood N.P.N. was 28 mg. per cent and the Kahn test was negative. On x-ray ex- 
amination of the chest, the superior vena cava was not visualized because of a 
superimposed scoliosis of the thoracic vertebrae. There was a complete opacity 
over the lower left chest from the anterior end of the third rib downward, pre- 
venting any observations concerning the left border of the heart. There was a 
patehy, peribronchial infiltration. The electrocardiogram showed a normal sinus 
rhythm, left axis deviation, depressed S-T segments in Leads I and II, and an 
inverted T,, possibly due to digitalis. 

After twenty-four hours of bed rest the blood pressure in both arms was 108/60. 
A thoracentesis of the left pleural cavity was done and 350 c¢.c. of straw-colored 
fluid were removed. Mercupurin was given at intervals of two or three days, 
without improvement. Digitalis had no effect and because of the electrocardio- 
graphic changes, was discontinued. After a rapid progression of the presenting 
symptoms, the patient became stuporous on her ninth hospital day, and her respi- 
rations were gasping. Oxygen and supportive therapy had only a temporary effect, 
and death occurred twelve days after admission. 

The clinical diagnosis was obstruction of the superior vena cava of undeter- 
mined etiology and hypertensive cardiovascular disease. 

The autopsy (Washington University No. 9429) was performed eleven hours 
after death by J.E. There was edema of the face, neck, and upper extremities, 
and the veins of the face, neck, upper extremities, and superior third of the chest 
were markedly dilated and tortuous. There was a thick linear sear in the mid- 
line of the suprapubie area which was 10 em. in length, 10 to 12 mm. wide, and 
was elevated by 2 to 3 mm. above the surface of the skin. There was no excess 
of fluid in any of the serous cavities with the exception of the left pleural sac, 
in which there were 150 ¢.c. of clear brown-yellow fluid. The left lung was moder- 
ately atelectatic. In the anterior portion of the superior mediastinum there was 
a firm, almost spherical, mass of pink-white tissue, approximately 5 em. in diam- 
eter. The mass encircled the ascending limb, a part of the arch of the aorta, 
the primary branches of the arch of the aorta, and the superior vena cava. 
Posteriorly the mass was in contact with the trachea and bronchi but did not in- 
volve these structures. The mass consisted of firm, dense, white, fibrous tissue, 
with a few focal areas of calcification. Approximately 1 em. above the termina- 
tion of the superior vena cava in the right auricle the vessel was compressed by 
the mass so that it was completely occluded. Inferior and superior to this atresia 
the lumen of the cava was larger than normal. The tributaries of the cava were 
markedly dilated and tortuous. The aorta was slightly constricted in the trans- 
verse part of the arch. The heart was enlarged and weighed 530 Gm. The left 
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ventricle was dilated; the wall measured 15 mm. in thickness. The kidneys were large 
and weighed 200 and 210 Gm., right and left respectively. The surfaces were 
finely granular. In the superior thoracic vertebrae there was a scoliosis with the 
convexity directed toward the left. The incidental findings are noted in the com- 
plete anatomic diagnosis below. 


In the microscopic examination the mediastinal mass consisted of interlacing 
bundles and whorls of dense thick strands of eosinophilic collagenous fibrous tissue 


(Fig. 1). Interspersed in these bundles of dense collagen were occasional fibro- 
cytes, a few lymphocytes, small vessels, and nerves. There were some areas of 
focal lymphocytic infiltration. The fibrous tissue did not invade the blood vessels 
or nerves. Some areas contained amorphous basophilic material, representing focal 
areas of calcification. A mediastinal lymph node contained a similar excess of 
dense fibrous tissue in which there were accumulations of lymphocytes, anthra- 
cotie pigmentation, and an occasional fibroblast. 


Fig. 1.—Photomicrograph from a section of fibrous mediastinitis. Note the layers 
of collagen and infiltration of lymphocytes; a few fibroblasts are found adjacent to 
vessel structures. 


Anatomic Diagnosis. 

Primary.—Chronie fibrous mediastinitis with formation of excessive collagen 
and focal calcification encircling the large vessels; atresia of the superior vena 
cava; dilatation of the azygos and intercostal veins; dilatation of the veins of the 
face, neck, and upper thorax; constriction of the arch of the aorta; dilatation and 
hypertrophy of the heart; hemorrhages about the coronary vessels; bloody contents 
in the stomach; bronchopneumonia of the lungs; hydrothorax, left; partial atelectasis 
of the left lung; serous hepatitis. 
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Accessory.—Arteriosclerosis of the aorta, moderate; and of the renal and coro- 
nary arteries, slight; sclerosis of the anterior leaflet of the mitral valve; arteriolar 
nephrosclerosis, slight; focal scars of kidneys, slight; fibrous thickening of the 
epicardium and pericardium; fibrous thickening of the aortic and tricuspid valves; 
fenestrations of the cusps of the pulmonic and aortic valves; accessory coronary 
arteries, right; fibrous thickening of the pleura; broncholiths; calcified nodules in 
the spleen; fibrous peritoneal adhesions about the spleen and liver; nodular hyper- 
plasia of the adrenal glands; cholesterosis of the gall bladder; cholelithiasis; chronic 
cholecystitis; polyp of the endometrium; focal hyperplasia of renal tubules; linear 
midline sear of the abdominal wall with formation of a keloid (surgical removal 
of ovaries). 


CASE 3 (Barnes Hospital No. 87960).—The patient, a 32-year-old married man, 
a factory worker, was admitted to the surgical service of the Barnes Hospital on 
March 6, 1941. The chief complaints were swelling of the neck and dizziness for 
six months, and swelling of the arms for three months. 

The patient’s health had been good until the onset of the present illness. He 
had had an attack of ‘‘pleurisy’’ and a cough productive of blood-streaked sputum 


two years before. His mother had died of carcinoma of the stomach and an aunt 


had had tuberculosis. 

Almost a year prior to admission he had noticed ‘‘heaviness’’ of the eyes, a 
desire to look downward, and spells of dizziness. A short time later he noted 
swelling of the face and neck. A local physician was unable to find anything to 
account for the signs and symptoms. Eight months before admission he went to 
Barnard Free Skin and Cancer Hospital of St. Louis, where a diagnosis of medi- 
astinal tumor was made. Following x-ray therapy there was some improvement. 
Soon thereafter he developed a cough, malaise, and attacks of dizziness on exer- 
tion. There was a gradual loss of twelve pounds in body weight. 

The essential features on physical examination were edema of the face, neck, 
and upper extremities, and the prominence of the superficial veins of the neck. 
The temperature was 36.8° C., pulse 68 per minute, respirations 20 per minute; 
blood pressure in the left arm was 140/92 and in the right arm 132/84. 

The red blood count was 4,900,000, and hemoglobin 99 per cent. The Kahn 
test was negative, and the blood N.P.N. was 18 mg. per cent. The vital capacity 
was 2,300 ¢.c. and the electrocardiographie findings normal. X-ray examination of 
the chest revealed a round shadow on the right side of the superior mediastinum. 

During hospitalization a bronchoscopic examination was performed and no lesion 
of the trachea or major bronchi was noted, although the entire tracheobronchial 
On the eleventh hospital day 


tree was pushed anteriorly by some extrinsic mass. 
A firm, 


an anterior mediastinotomy was done at the level of the third interspace. 
hard, adherent mass was found encircling the superior vena cava. Resection was 
impossible and the wound was closed. Extensive bleeding encountered during the 
operation was controlled. After the operative procedure the patient’s condition 
was poor and he did not respond to repeated transfusions or other supportive 
measures. He died about one hour after the operation. 

The autopsy (Washington University No. 9093) was performed by Dr. Mary M. 
Bishop two hours post mortem. There was edema of the face, neck, and upper 
extremities, but none in other parts of the body. There was an incisional wound 
of a thoracostomy in the region of the fourth rib on the right. The pericardial 
cavity contained 25 c.c. of clear yellow fluid. In the right hemithorax, the lung 
was collapsed and the pleural sac contained approximately 1 L. of blood with a 
few large soft clots. The remainder of the serous cavities did not contain an 
excess of fluid. The heart weighed 300 Gm.; the left ventricle was slightly thickened, 
measuring 15 mm.; the right ventricle measured 3 mm. in thickness. In the right 
side of the superior mediastinum there was a mass of firm white tissue which com- 
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pressed the superior vena cava and the innominate vein. Anteriorly, the mass was 
1 em. thick. The stenosis of the vena cava reduced the lumen of that vessel to a 
diameter of 4 mm. below the orifice of the innominate vein; the innominate vein 


was compressed at the termination by this mass so that the diameter of the lumen 
was only 2 mm. Distal to the stenosis of the superior vena cava were thrombi which 
occluded approximately two-thirds of the lumen. The mass surrounded the right 
pulmonary artery at the hilum of the lungs, as well as the right pulmonary vein. 
The right pulmonary artery was partially occluded by a thrombus so that the lumen 
was only 5 mm. in diameter. The right pulmonary vein and tributaries had thickened 


walls and the lumens were occluded by thrombi. The upper and middle branches 
of the right bronchus near the points of origin were thickened. The lower lobe of 
the right lung was involved by lipoid pneumonia. The remainder of the findings 
at autopsy are listed below in the final anatomic diagnosis, 

On microscopic examination the mediastinal mass consisted of dense eosinophilic 
collagenous fibrous tissue (Fig. 2). The collagen occurred in hyaline masses which 


Fig. 2.—A section from _ the mediastinal mass of Case 3, which shows whorls of col- 
lagenic fibers, a few fibroblasts, and many lymphocytes. 


interlaced with similar columns or bundles. A few fibrocytes were isolated in 
these bundles. An infiltration of plasma cells, few lymphocytes, and an oceasional 
macrophage was present, and in a few areas there were a few polymorphonuclear 
leucocytes. In focal areas there were dense collections of lymphocytes. Some of 
the arteries had walls thicker than normal, with noticeable intimal proliferation. 
The superior vena cava and pulmonary artery were surrounded by the same dense 
fibrous tissue, with infiltration of plasma cells. A part of the wall of the pulmo- 
nary artery was edematous and infiltrated with polymorphonuclear leucocytes. In 
a portion of an obliterated branch of the pulmonary artery the original muscular 
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layer had been replaced by masses of the same dense hyaline eosinophilic tissue. 
A small bronchus was obliterated by fibrous tissue. A lymph node from the medi- 
astinum had a slight increase in fibrous tissue. 

Anatomic Diagnosis. 

Primary.—Subacute and chronic inflammation of the mediastinum with exten- 
sive fibrosis involving the superior vena cava, innominate vein, right pulmonary 
artery and veins, and the wal! of the right middle and upper lobe bronchus (his- 
tory of extensive irradiation therapy for a mediastinal tumor, two and one-half 
months); organizing thrombus in the superior vena cava and innominate vein; 
obliteration of the right pulmonary vein; edema of the head and upper extrem- 
ities; lipoid pneumonia of the lower lobe of the right lung; unhealed wound of 
right anterolateral chest wall (history of exploratory thoracotomy, two hours) ; 
hemothorax (1,000 ¢.c.), right; serous hepatitis. 

Accessory.—Arteriosclerosis of the aorta and coronary arteries, slight; sclerotic 
plaques on the mitral valve; adhesions between the right and posterior cusps of 
the aortic valve; Lambl’s exerescence on aortie valve; calcified lymph node in the 
mesentery; fibrous nodules in the capsule of the spleen and liver; fibrous pleural 
adhesions over the upper and middle lobes of the right lung; glycogen in the nuclei 
of the liver, slight. 

DISCUSSION 


From an anatomic standpoint the lesion of the mediastinum in these 
three cases appears to represent a definite entity. In the superior 
mediastinum there is a poorly outlined mass of firm, grayish white 
tissue which surrounds and compresses the superior vena cava and 


other vascular structures. Microscopically there is densely collagenous 
connective tissue with foci of calcification and lymphocytic infiltration. 
The arteries are thickened by proliferation of the intima and fibrosis 
of the media. Adjacent lymph nodes show no significant changes. 
Careful search of many sections fails to reveal any focal lesions such 
as abscesses, tubercles, gummas, or other specific lesions. 

An evaluation of the etiologic factors is more difficult to make. In 
previously reported cases tuberculosis and syphilis have been suggested 
as the basie disease. The evidence for tuberculosis has rested on the 
demonstration of calcified nodules in a tracheal node, a common finding 
at autopsy. The support for the concept of syphilitic mediastinitis 
rests on even more insecure grounds. There is usually nothing more 
than a positive Wassermann, and it is a well-established principle that 
not all individual lesions in a patient with syphilis are of necessity 
caused by the spirochete. A nonspecific inflammation of the medi- 
astinum in association with a severe upper respiratory infection has 
also been suggested as the initial lesion. 

In the three cases reported in this communication there are no ap- 
parent common factors of causation. In Case 1 there is a definite 
history of tularemia eight years before the patient’s admission to the 
hospital, but the symptoms of obstruction of the superior vena cava 
did not appear until three years before admission. The lymph nodes 
in all parts of the body show hyperplasia and foci of suppuration in 
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tularemia, and it is possible that the inflammation spread to the medi- 
astinal tissues. On the other hand, the interval of five years is too long 
to establish a cause-and-effect relation without more direct evidence. 
The history in Case 2 is even more obscure regarding possible etiologic 
factors. There had been prominent dilatation of the veins of the head 
and neck for three months, but a physician had told the patient ten 
years before that the vessels on the thoracic wall were conspicuous. 
There is no history of infection which might have led to inflammation 
of the mediastinum and no significant lesions at autopsy except the 
fibrous mediastinitis. The tendency to form excessive sear tissue, as 
exemplified in the keloid of the midline abdominal sear, may be of 
significance. In Case 3 there is a clear history of a severe respiratory 
infection with bloody sputum and pleurisy two years before death. 
At autopsy there was no evidence of active or latent tuberculosis and 
it may be assumed that the infection was nonspecific. The signs and 
symptoms of vena caval obstruction appeared one year later. After an 
original diagnosis of a mediastinal tumor, irradiation with x-ray was 
given over the mediastinum, introducing another factor. Although the 
fibrosis incident to radiant energy is not absolutely characteristic, the 
histologic appearance of the mediastinal mass does not show the usual 
effects of x-ray. Further, there is no residual tumor, and it is highly 
improbable that the moderate dosage given would bring about complete 
regression of any primary tumor of the mediastinum. 

Treatment has been fully discussed by Ochsner and Dixon,* and by 
Ehrlich, Ballon, and Graham,* and we have no significant additional 
observations. In the more acute attacks of cardiae failure, phlebotomy 
has given relief. In some instances mediastinotomy with removal of 
the tissue about the vena cava has been successful. This was the basis 
of the treatment of Case 1 of this series. In view of the known action 
of radiant energy in stimulation of fibrous tissue, x-ray therapy should 
not be employed. In patients with evidence of syphilis, treatment with 
arsenicals and bismuth should be given a trial. 


CONCLUSIONS 


1. Occlusion of the superior vena cava is in a small percentage of 
instances due to an anatomic entity best designated as chronic fibrous 
mediastinitis. 


2. The gross and microscopic features of the condition are charac- 
teristic: a poorly defined mass in the superior mediastinum composed 
of dense collagenous tissue with foci of infiltration with lymphocytes 
and ealcification. 


3. Etiologie factors are indefinite but it seems likely that a mild in- 
flammation of the mediastinum in an individual with a tendency to 
excessive cicatrization may slowly progress to form the typical dense 
mass of fibrous tissue. 
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TUBERCULOUS ENDOBRONCHITIS AND UPPER LOBE 
BRONCHIECTASIS 


ArtTHur H. Aurses, M.D., F.A.C.S. 
NEw York, N. Y. 


RONCHIECTASIS may be the result of various pathologie condi- 

tions, most of which are well known. It is likely that more than 
one factor is responsible for the development of the process. The 
bronehiectasis which complicates pulmonary tuberculosis has been econ- 
sidered, in the past, to be the result of marked parenchymal fibrosis. 
Bronehial stenosis, due to tuberculous ulceration, has only recently 
been regarded as an etiologic factor in the pathogenesis of the bron- 
chiectasis associated with tuberculosis. 

Rubin and Newman, in 1933, deseribed a number of eases of upper 
lobe bronchiectasis. They believed that the great majority of such 
cases were the end results of a healed chronie pulmonary tuberculosis. 
While under observation, the sputum had been consistently negative for 
tuberele bacilli; at post-mortem examination, no active or healed tuber- 
culosis could be found. In a few eases in which tubercle bacilli had 
been found a number of years before death, at post-mortem examination 
only bronchiectasis could be demonstrated. Rubin and Newman stated 
that the bronchiectasis was the result of parenchymal fibrosis, infection 
of the walls of the bronchi, and the mechanical forces exerted by the 
act of coughing. 

In the light of our present knowledge of the frequeney of tuberculous 
endobronchitis occurring during the course of pulmonary tuberculosis, 
and the production of bronchiectasis distal to a stenosis of a bronchus, 
is it not possible that many such eases of upper lobe bronchiectasis are 
the result of a tuberculous endobronchitis? 

The smaller bronchi in proximity to a tubereulous cavity are fre- 
quently the seat of a tuberculous endobronchitis. These lesions cannot 
be seen through the bronchoscope, but are demonstrable at post-mortem 
examination. In the course of a chronic pulmonary tuberculosis, many 
of the branch bronehi may be the seat of tuberculous uleers, granulomas, 
and fibrotic sears. The rapidity with which bronchiectatie changes may 
be initiated in the presence of a partial bronchial obstruction and infee- 
tion is well known. It would not be necessary for a bronehial lesion to 
progress to a fibrous stenosis (which might be seen at autopsy) in order 
to be a factor in the production of bronchiectasis. ‘The granulomatous 
stage could cause sufficient bronchial obstruction over an adequate 
period of time to produce bronchial dilatation. If, following this stage 
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of the disease, both the parenchymal and bronehial lesions proceeded 
to heal, there might be a residual bronehiectasis without discernible 


etiogolic factors. 

If bronchiectasis develops as the result of chronie infection and 
parenchymal fibrosis alone, the process is usually a slow one. If, in 
addition, bronchial obstruction is present, the changes may oceur with 
astounding rapidity. In addition to the granulomatous lesion already 
mentioned, it is quite possible that the spasm accompanying a tuber- 
culous ulcer, as well as inspissated mucous or edema of the bronchial 
mucous membrane, could cause intermittent variations in the diameter 
of the airway, sufficient to initiate the development of bronchial dilata- 
tion. 

In the ease presented here, there was no pathologie specimen obtained 
in order to substantiate the diagnosis of tubereulous endobronchitis. 
Nevertheless, the clinical course and laboratory findings were so in har- 
mony with this diagnosis, that it may be made upon the evidence at hand. 
Tuberele bacilli were found in the sputum at a time when the main 
symptom was a ‘‘wheeze in the chest’’ and the x-ray film showed noth- 
ing indicative of an-active parenchymal lesion. This would confirm the 
hypothesis that the tubercle bacilli were derived from a tuberculous 
ulceration of the bronehus. The later persistently negative sputum is 
consistent with the development of a bronchial stenosis on the basis of 
a healed ulcer. 

In accessible bronehi, ulcerations may be eauterized by the bronchos- 
copist, and stenotic lesions dilated. Because the bronchial lesion in this 
case was confined to the upper lobe bronchus, it was not amenable to 
bronehoseopie therapy. Therefore, lobectomy was performed in order 
to eradicate completely the diseased area. 


CASE REPORT 


B. A. (No. 32319R), a 25-year-old housewife, was admitted to Monte- 
fiore Sanatorium on May 6, 1940. In November, 1939, she noticed that 
she had a whistle in her chest. She had no fever, cough, or sputum. 
For a number of weeks afterward she had lassitude and was easily 
fatigued. At this time, fluoroscopy of the chest was negative. She then 
noticed that she had a low-grade temperature ranging around 100° F. 
at night. In December, 1939, she again noticed the wheeze in her left 
chest, and weakness. Her temperature now rose as high as 102° F. 
at night. 

On Jan. 6, 1940, she was admitted to a hospital with the diagnosis of 
pneumonia, and a history of cough and high temperatures of three days’ 
duration. X-ray examinations on January 7, and January 14, showed 
no evidence of pneumonie infiltrations in the lungs. Her sputum was 
negative for tubercle bacilli, and she was discharged after having re- 
ceived a course of sulfapyridine. Following discharge from the hos- 
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pital, she went to the country for a number of weeks and gained seven 
pounds in weight. Toward the end of January, 1940, she began to 
raise a small amount of sputum and at this time the wheeze was espe- 
cially loud. In February, 1940, the sputum had increased to one and 
one-half ounces daily. On Feb. 28, 1940, tubercle bacilli were found 
in her sputum. 


X-ray examination at this time did not reveal any gross pulmonary 
pathology. She remained in bed at home until admission to the sana- 
torium. Her past history and family history were negative. 


Fig. 1—April 6, 1940, sputum positive; left upper lobe shows no parenchymal 
lesion. Increased aeration and widened intercostal spaces are suggestive of obstruc- 
tive emphysema. 


On admission, there was a wheeze over the left upper lobe. Other- 
wise, physical examination of the chest was negative. General physical 
examination was also negative. The day after admission, tubercle 
bacilli were found in her sputum. It was also positive five days later. 
X-ray examination of the chest at this time revealed a few fibrotic in- 
filtrations in the right apex, with an irregular density 1 em. in diameter 
overlying the second rib anteriorly on the right side. There were also 
a few small calcific foci throughout the remainder of the right lung. On 
the left side, there were a few fibrotic infiltrations at the apex and there 
was an increased aeration of the left upper lobe with widening of the 
intercostal spaces, suggestive of an obstructive emphysema. 
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On June 12, 1940, she had a rise in temperature and signs of a pneu- 
monic process in the left upper lobe. X-ray examination at this time 
showed numerous soft confluent infiltrations from the apex to the third 


Fig. 2.—June 24, 1940, sputum negative; there are numerous confluent infiltrations 
from the apex to the third rib anteriorly on the left side. 


Fig. 3.—Oct. 14, 1940, sputum negative: a homogeneous shadow can be seen over the 
left upper lobe. 
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rib anteriorly on the left side. On August 7, 1940, bronchoscopy was 
performed by Dr. Som, who found the following: ‘‘There is a kink in 
the left main bronchus below the upper lobe orifice. The kink ean be 
straightened by forcing the bronchosecope between the narrowed area. 
The terminal divisions of the left lower bronchus are normal.”’ 

On Sept. 20, 1940, she had a small hemoptysis, and x-ray examination 
in October and December, 1940, revealed clearing of the shadow over 
the left upper lobe, with numerous areas of decreased density. There 
was a shift of the heart and mediastinum to the left. During these 
months the patient had numerous episodes of decrease in sputum with 
elevations in temperature, followed by marked increase in sputum with 
defervescence of the fever. On Feb. 5, 1941, she was again broncho- 
scoped by Dr. Som, who stated: ‘‘There is a kinking of the left main 
bronehus at the level of the left upper lobe bronchus. The opening of 
the left upper lobe bronehus could not be located. Pus is coming from 
the apical division of the left lower lobe. The left upper lobe bronchus 
is compressed so that its lumen could not be seen.”’ 


Fig. 4.—July 18, 1941, sputum negative; there is some clearance of shadow over 
the left upper lobe with small areas of translucency suggestive of bronchiectasis and 
abscess formation. 


At this time, x-ray revealed extensive consolidation of the left upper 
lobe associated with bronchiectasis. On July 9, 1941, she was again 
bronehoscoped with the same findings as previously. X-ray examina- 
tion showed definite areas of translucency in the shadow over the left 
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upper lobe which were suggestive of numerous small cavities. Follow- 
ing the first two positive sputa which were obtained during the first 
week of hospitalization, all subsequent sputa were negative for tubercle 
bacilli. There was one positive culture on Jan. 10, 1941, but there have 
been three negative cultures since. There were thirty-four examinations 
of sputum during her stay in the hospital. 

It was felt that we were dealing with a healed tuberculous bronchitis 
of the left upper lobe bronchus which was now in the stenotic stage and 
which wis causing atelectasis, bronchiectasis, and suppuration in the 
left upper lobe. It was decided that lobectomy was indicated as the 
only means for radical eure. Because the bronchoseopist had reported 
pus in the apical division of the left lower lobe bronchus, a lipiodol 
bronchography was done which revealed that the left upper lobe bron- 
chus could not be filled and that the left lower lobe bronchus and its 
branches were normal. Bronchospirometric examination demonstrated 
that the left lung was performing only one-sixth of the respiratory 
function. 

On Sept. 12, 1941, a left upper lobectomy was performed under 
cyclopropane anesthesia. An incision was made in the second inter- 
space anteriorly, and small segments of the second and third costal 
cartilages were removed. The left upper lobe was found to be markedly 
contracted and densely adherent throughout. The fissure was partially 


free. The lung was adherent to the pericardium and great vessels. The 
apex was densely adherent, as were the posterior and lateral parts of 
the upper lobe. The lower lobe appeared normal. 


In order to obtain sufficient exposure, the second rib was excised and 
the first rib eut across. The adhesions in the axillary region were so 
dense that part of the dissection in this area had to be done extra- 
pleurally. After the lobe was entirely freed, it was found that the in- 
filtration around the hilum was so marked that dissection of the struc- 
tures could not be performed. A tourniquet was applied and the dis- 
eased lobe amputated. The bronchi and vessels were ligated and the 
stump sutured over. An intercostal drain was placed in the postero- 
axillary region, and the anesthetist attempted to inflate the lower lobe. 
The lower lobe would not expand and it was felt that the lower lobe 
bronchus had become obstructed by secretions. The bronchoscopist was 
sent for and the chest was closed. Upon bronchoscopy, a large plug of 
inspissated mucus was aspirated from the left main bronehus.  Fol- 
lowing this, physical examination revealed that the lower lobe had ex- 
panded immediately. 

Following operation, the patient had an uneventful course for eight 
days. On the ninth day, she had what appeared to be a rather severe 
hemoptysis, and was unable to clear her bronchi of the blood. This 
necessitated another bronchoscopy, with removal of a considerable 
amount of blood and mucopus from both the right and left bronchi. At 
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the time, a bleeding area was seen in the left main bronchus. She then 
developed a bronchopneumonia of the right lower lobe which subsided 
quickly with chemotherapy. 

Four days later, there was another profuse expectoration of blood, 
but at this time it was discovered that what had been thought to be 
hemoptysis was really the expectoration of a sanguineous pleural effusion 
through the stump of the left upper lobe bronchus which had reopened. 
After the expectoration of this fluid, the left lower lobe expanded com- 
pletely. The pleural space at the apex eventually became infected and 
was drained through the original incision. Following drainage of the 
empyema, the discharge through the wound and the expectoration 
through the bronchus rapidly disappeared. Frequent examinations of 
sputa and the drainage fluid were negative for tubercle bacilli. 

Repeated x-ray examinations witli the injection of skiodan demon- 
strated the gradual obliteration of the apical pleural space. The patient 
was discharged on Jan. 23, 1942, entirely asymptomatic. 

Pathologie examination of the specimen revealed a shrunken, dis- 
torted lobe of lung, approximately 12 by 8 by 5 em. The entire lobe 
was firm and rubbery. The parenchyma was replaced by dense, gray, 
fibrous tissue in the form of bands with only small islands of red 
parenchyma a few centimeters in diameter. Many tortuous bronchi 
were present, with irregular cavities from 2 mm. to 2 em. in size. The 
cavities intereommunieated, and the bronchi could be traced to them. 
Some of these bronchi were stenosed at their entrance to the cavities. 
Microscopie examination revealed a chronic pneumonitis with bron- 
chiectasis and abscess formation. Giant cell tubercles were present but 
no tubercle bacilli could be demonstrated with the Ziehl-Neelsen stain. 
However, the morphology of the giant cell foci and their location in and 
near the walls of the cavities were strongly suggestive of tubercle. 


SUMMARY 


The role of tuberculous endobronchitis in the etiology of bronchiecta- 
sis complicating pulmonary tuberculosis is discussed. 

A ease is reported in which a tuberculous endobronchial lesion re- 
sulted in bronchiectasis and suppuration of the upper lobe, without 
gross parenchymal tuberculosis. 

Lobeectomy was performed with apparent cure. 





ANALYSIS OF 150 CASES OF THORACOPLASTY FOR 
TUBERCULOSIS AT BELLEVUE HOSPITAL 


A. W. Harrison, M.D., AND FRANK B. Berry, M.D. 
New York, N. Y. 

INTRODUCTION 
HIS review is presented as an effort toward a comprehensive evalua- 
tion of the results of extrapleural thoracoplasty for pulmonary 
tuberculosis in a municipal clinic. It constitutes a study of 150 un- 
selected consecutive ease records in the Bellevue Chest Service since its 
organization in the summer of 1938. These 150 patients were submitted 
to approximately 480 operations performed by fourteen different 

surgeons of the resident and visiting staffs. 


MATERIAL 
For compilation of results all cases were divided into three groups, as 
shown in Table I. 
TABLE I 











NUMBER PER CENT 





Tuberculosis of lung 107 71.3 
White 
Colored 
Tuberculous empyema 
White 
Colored 
Extrapleural pneumothorax 





The small group of extrapleural pneumothoraxes is placed alone as it 
is hardly fair to consider it with cither of the other groups. Although 
some of these patients had had their extrapleural pneumothoraxes in- 
stituted before coming under our eare, in general our experience as well 
as that of many others has been so discouraging that we have dispensed 
with the procedure except in rare selected instances. It should be pointed 
out also that the relatively small number of cases of empyema in this 
series is due to the fact that many must be transferred to other hos- 
pitals because of the rather long period of bed rest required before opera- 
tion. 

Provision is made at Bellevue Hospital for only early postoperative 
care of the majority of patients. Twenty-eight per cent remained less 
than two months and only 15 per cent stayed longer than six months. 
The others were distributed about equally for intermediate periods of 
time. This, coupled with the fact that we have been able to follow 
only two-thirds of the patients within the last six months, has greatly in- 
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fluenced our choice of eriteria for results. Unlike Overholt,' who re- 
ported in terms of rehabilitation and ability of patients to return to 
gainful occupation, we have had to take the condition of the patient at 
the time of discharge or transfer to another hospital as the most accurate 
evaluation of the early results of thoracoplasty. That such results are 
lasting for the majority of patients has been well demonstrated in the 
recent literature. 
RESULTS 

The successfully ‘‘closed’’ cases were determined by (1) the absence 
of a persistent cavity by x-ray and (2) the disappearance of tubercle 
bacilli in repeated concentrated sputum or gastric washing examinations. 
When it was found that there was a difference of only 2 in 150 between 
these figures, for convenience they were taken to be the same. Cultures 
were often corroborative but were not used routinely. On this basis the 
results of thoracoplasty for patients with parenchymal lung tuberculosis 
and tuberculous empyema were as shown in Table IT. 


TABLE II 








NUMBER PER CENT 
Closed 80 74.7 
Not closed 22 20.5 
Dead H 4.7 
For tuberculous empyema 

Closed B : 63.2 
Not closed ; 29.0 

Improved (still under treatment) ‘ 23.7 

Unimproved 2 
Dead 














Other totals of interest were that in parenchymal disease the greatest 
number of eases fell in the fourth deeade age group, none were under 
20, and ten were over 50 years of age. In the cases with empyema, on the 
other hand, the largest number was in the third deeade, with three under 
20 and only one over 50 vears of age. Twenty-nine (19 per cent) of the 
entire number had had tuberculosis less than one year. 

Of the 150 cases, 64 patients (42.7 per cent) had a re-expanded lung 
following therapeutic pneumothorax. In 5 others the lung had failed to 
re-expand. Of still greater importance, 33 (86.8 per cent) of the 38 pa- 
tients in empyema cases had artificial pneumothorax before developing 
empyema. This, together with the findings of Eglee and Wylie? that 
7 per cent of pneumothorax eases develop empyema, makes it imperative 
that questionable or ineffective cases be discontinued early in favor of 
more adequate therapy. 

Of the patients with empyema, 12 (31 per cent) had bronchopleural 
fistulas, 19 (50 per cent) had mixed tuberculous and pyogenie infections, 
and 16 (42 per cent) had open thoracotomies. Also, it was found that 
in 16 (42 per cent) cases of empyema, more than three operative pro- 
cedures were required, reaching as high as eight or ten stages in a few 
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instances, while in the parenchymal group only 8 (7.5 per cent) of the 
cases required more than three stages. The only empyema eases at all 
comparable to the eases in which patients had parenchymal lesions were 
those without bronchopleural fistulas. 

In the entire series 79 or 52.7 per cent had bilateral disease and 71 per 
cent of these were closed as against 64.8 per cent for the unilateral dis- 
ease. Of course, many of these had quiescent or healed disease in one of 
the lungs, but it is significant that more patients with bilateral disease 
were operated upon and of these more cured than with unilateral tu- 
bereulosis. 

COMPLICATIONS 

In 16 (10.7 per cent) of the 150 cases there was some degree of spread 
of the disease following operation; this accounted for two of the deaths 
in the series. In the majority of patients, however, it was transitory and 
could searcely be regarded as more than a postoperative bronchopneu- 
monia. Although an effort was made to have patients turn frequently 
and cough with support to the side operated upon, at times ev vith 
bronehoseopie and endotracheal suction, we feel that it is during nese 
early days after operation that even greater vigilance and better nursing 
care will be required to cut down this figure. Of those that spread, 4 
were ipsilateral, 9 contralateral, and 3 not stated. 

Cyelopropane or procaine loeally has been the routine anesthetic 
agent, but occasionally other forms were used as thought indicated. 


WOUND INFECTIONS 

The incidence of wound infection was a difficult problem to evaluate. 
Wounds were cultured routinely at operation. Silk was used exclusively 
except in grossly infected wounds such as in the Schede procedures. (It 
has been our experience that silk in infected tuberculous wounds offers 
little or no increased difficulty.) The number of ribs removed diminished 
early in the period to the present average of three per stage. Apicolysis 
has been used only occasionally in special cases. 

For the last two of the three and one-half years, under the direction 
of Dr. Adrian Lambert Jr., one of the sulfonamides has been dusted into 
the wound at the time of operation. First, sulfanilamide in varying 
quantities up to 8 Gm. then sulfadiazine were used. There was slight 
but noticeable increase in the wound fluid postoperatively, but this was 
easily aspirated with not a single instance of complication from tap. 
Of the major wound infections in the clean parenchymal group, two 
occurred before and two after use of the drug. Two of these resulted 
from rupture of the pulmonary cavity into the wound. Of six minor 
infections, four were before the use of the drug and two since. On 
several occasions positive wound cultures were obtained at operation, but 
clinical wound infection did not develop. This, with subsequent experi- 
ence, has given the distinct impression that use of a sulfonamide in the 
operative wound is of definite value. 
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In the parenchymal disease group there were 4 patients with serious 
wound infections, of whom 3 died, 2 from rupture of pulmonary eavities 
into the wounds. These 4 represent an incidence of 3.7 per cent of the 
cases or 1.1 per cent of the operations. There were 6 minor infections 
representing 5.6 per cent of the cases or 2.3 per cent of the operations. 
The total wound infections for the group thus amounted to 9.3 per cent 
of the cases or 3.4 per cent of the operations. 

In the empyema series there were 13 serious wound infections or 34.2 
per cent of the cases, 7.0 per cent of the operations. In one there was 
a minor infection. 

DEATHS 

Of the 8 deaths in the parenchymal and empyema groups, only 4 or 
2.7 per cent fell in the 2-month period employed by Meltzer.? These 4, 
however, died in the first 6 days whereas the other 4 were scattered 
through several months. Consequently, no generalizations can be made. 
The list is so short that it is not amiss to indicate the cause in each ease. 


Parenchymal disease: 
1. Severe shock after first stage, died one hour after second stage; four 

ribs resected at each stage. 
' Comment: Too many ribs removed at each operation. 

. Massive spread, died 66 days later. 

. Died second postoperative day of fulminating nonhemolytiec strepto- 
coccus wound infection (no drug). 

4. Wound infection and hemorrhage from wound, cavity ruptured into 

wound; died three months later. 
5. Old lung abscess ruptured into wound; lived 8 months. 


co DO 


Empyema: 
1. Pneumonia and spread to opposite lung; died six days after opera- 
tion. 
Comment: Very poor risk, should never have had thoracoplasty. 
2. Tuberculosis of chest wall and extensive amyloid disease; lived 
several months. 
3. Very poor risk; died three days after third stage. 
Comment: Should wever have had thoracoplasty. 


These eight cases give a mortality percentage of 6 per cent. Including 
the extrapleural pneumothorax group the total mortality was 8 per cent. 


CONCLUSIONS 


In conclusion then we have a series of 150 consecutive cases with 74.7 
per cent cavity closures by thoracoplasty for pulmonary tuberculosis and 
63.2 per cent closures of tuberculous empyemas at the time the patients 
were discharged from the hospital. 
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HODGKIN’S DISEASE; REPORT OF A CASE WITH 
INVOLVEMENT OF THE BRONCHI 


Epwarp B. Smita, M.D., anp L. M. SHerts, M.D. 
Sr. Lovis, Mo. 


ATIENTS with Hodgkin’s disease frequently present signs and 

symptoms of obstruction of the respiratory system.' | These phe- 
nomena are usually due to involvement by Hodgkin’s tissue of the 
lymphoid nodules which are normally extensive and abundant through- 
out the lungs and at the hila of the lungs.?- A considerable percentage 
of eases show involvement of the parenchyma, presumably by disease 
in the intrapulmonary lymphoid tissue. *° This type of Hodgkin’s 
disease is common enough that roentgenologists use parenchymal in- 
filtration as a significant point in differential diagnosis.’ Less fre- 
quently there is involvement of the submucosal lymphoid tissue of the 
bronehi, with or without the formation of masses in the mucosa. 

Infiltration of the mucosa of the bronehus by Hodgkin’s tissue is 
probably more frequent than shown by routine studies. In a majority 
of instances the disease is microscopic. However, gross lesions of the 
mucosa have been reported by several authors.* * % 1-1 

Obstruction of a bronchus by Hodgkin’s tissue by pressure from 
without occurs not infrequently. This has been reported occasional- 
ly? 12, 16-22 and undoubtedly has occurred many times in the tertiary 
and smaller bronchi. 

Masses of Hodgkin’s tissue projecting into and obstructing a major 
bronchus are relatively uncommon. Moolten* emphasized the rarity 
of the phenomenon but in the literature there are several well-illustrated 
reports, the first one being in 1885,.*; 2*26 

Obstructive masses may simulate carcinoma both clinically and 
pathologically. The following ‘case illustrates obstruction of a bronchus 
by masses of Hodgkin’s tissue in the mucosa, in which the clinical and 
gross pathologie findings were similar to those of carcinoma of the 
bronchus. ° 

CASE REPORT 


A 41-year-old Mexican physician entered the Chest Surgical Service 
of the Barnes Hospital on Feb. 17, 1940, complaining of paroxysms of 
severe nonproductive coughing. The dry, brassy cough had started 
eighteen months previously, during an attack of a common cold. The 
cold had disappeared, but the cough had increased in intensity. The 
patient was weak and had lost thirty pounds in weight. 


From the Departments of Pathology and Surgery, Washington University School 
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Besides the persistent cough there was a slight fever each evening. 
Upon fluoroscopy an ‘‘enlarged lymph node in the mediastinum on the 
left’? was interpreted as tuberculosis, although the parenchyma of 
the lung was said to have been clear. Direct smears and inoculation 
of sputum into guinea pigs revealed no tuberele bacilli. However, a 
left pneumothorax of 500 ¢.c. was started on June 13, 1939, nine months 
after the onset of the illness. The pneumothorax aggravated the cough- 
ing, and a slight hemoptysis occurred on the following day. Because 
of increased coughing and pain the pneumothorax was discontinued in 
one month, after six refills. 

In October, 1939, three months after the pneumothorax, small quan- 
tities of clear bloody fluid were aspirated from the left pleural cavity 
on two oceasions. Microscopic examination and guinea pig inoculation 
again failed to reveal the presence of tubercle bacilli. Neither specimen 
contained tumor cells. A bronchoscopic examination was performed 
the same month, and a biopsy was taken from ‘‘suspicious tissue in the 
left bronchus.’’? There was insufficient tissue for pathologie diagnosis. 

During the month of October, 1939, the patient had an attack of 
jaundice and vomiting which lasted three weeks. The stools were white, 
but there was no pain in the region of the gall bladder. From this 
time on there were repeated similar but shorter and milder attacks. 

Besides the pneumothorax, therapy consisted of a high earbohydrate 
diet and insulin to stimulate appetite, and of a blood transfusion for 
general support. 

The past and family histories were irrelevant. 

Upon admission to the Barnes Hospital the patient complained of 
pain on both sides of the chest, more severe on the left. There was 
extreme dyspnea, cyanosis, and a loud rasping cough. The blood pres- 
sure was 128/88. There was a lag in respiration, particularly on the 
left, and the percussion note on the left was flat. A respiratory wheeze 
in the anterior part of the upper chest was not relieved by adrenalin. 
The patient was too ill for a bronchoscopic examination. 

Laboratory Data—The urine and stools were normal. The hemo- 
globin content of the blood was 76 per cent. There were 4,100,000 red 
blood cells and 6,000 white blood cells per cubic millimeter of blood. 
The differential white cell count showed a marked shift to the left. 
The icteric index was 15. The Kahn reaction of the blood serum was 
negative. One thousand cubie centimeters of fluid removed from the 
left pleural cavity was slightly turbid and contained only red blood 
cells and lymphocytes. Direct smear and guinea pig inoculation of 
the pleural fluid failed to reveal the presence of tubercle bacilli. 

An electroecardiogram showed slight myocardial damage. <A chole- 
eystogram revealed a normally functioning gall bladder, and a series 
of gastrointestinal x-rays showed no pathologie changes. 

A review of serial x-ray films of the chest taken during the eighteen 
months of the illness showed a widening of the upper half of the medi- 
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astinum which gradually increased in width in successive x-rays. 
Throughout the parenchyma of the left lung there was a diffuse in- 
filtration which gradually increased. Air and fluid in the left pleural 
cavity obscured the infiltration in some of the films. The right hilar 
markings were increased in prominence but were essentially the same 
in all films. In the last x-ray taken, the left lung showed an advanced 
degree of parenchymal infiltration, and the right lung showed slight 
infiltration. The upper mediastinal shadow was wide and pushed to 
the right slightly. There was a left hydropneumothorax. 

X-ray irradiation to the region of the hilum of the left lung was 
started on the possibility that the patient had a radiosensitive tumor 
causing obstruction in that area. This brought about no improvement 
and the patient died on the ninth hospital day. 


Fig. 1.—Masses of Hodgkin’s tissue obstruct the left main bronchus. The lobes of 
the collapsed left lung contain Hodgkin’s tissue and the pleura is involved. 


Autopsy.—Five nodules of Hodgkin’s tissue encroached upon the 
lumen of the left main bronchus (Figs. 1 and 2). The largest mass was 
elevated 6 mm. above the surrounding mucosa and encircled the lumen 
in one-half the circumference. The calculated cross sectional area of 
the lumen was about one-half of the expected normal. The mucosa of 
the right bronchus and the trachea was infiltrated by the Hodgkin’s 
tissue (Fig. 2). All of the mediastinal lymph nodes were involved. 
Each pleural cavity contained a liter of turbid fluid. In the left pleural 
cavity there were also fibrin masses and some gas. The left parietal 
and visceral pleurae were gray, thick, indurated, and partly covered 
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by irregular small plaques of Hodgkin’s tissue. The left lung was com- 
pressed to one-half normal size near the hilum. Seattered diffusely 
throughout the parenchyma of the left lung were gray, firm, poorly 
defined masses 5 to 10 mm. in diameter. Microscopically there was 
Hodgkin’s tissue around bronchioles and blood vessels, but the right 
lung and pleura were free of it. The pericardial sac contained 200 c.c. 
of clear yellow fluid. Projecting into the sae from the posterior wall 
were several pedunculated masses of firm, gray Hodgkin’s tissue. The 
masses were 5 to 12 mm. in length and 6 to 8 mm. in greatest diameter. 
The right ventricle of the heart was slightly hypertrophic, although the 
entire heart weighed only 260 Gm. and was otherwise normal. The 
peripancreatic, abdominal, periaortic, and right iliac lymph nodes were 
enlarged and showed Hodgkin’s tissue. The spleen weighed 230 Gm. 
and was involved. Examination of the liver, gall bladder, bile ducts, 
pancreas, adrenal glands, genitourinary system, gastrointestinal tract, 
vertebrae, ribs, sternum, and brain revealed no evidence of Hodgkin’s 
disease. 


no 
ne 





Fig. 2.—Histologic appearance of a mass in the left main bronchus (magnification 
x< 500). 


The final pathologie diagnosis was: Hodgkin’s disease with the forma- 
tion of masses projecting into the left main bronchus with stenosis; 
involvement of the mucous membrane of the trachea, right main bron- 
chus, and the bronchi to the upper and lower lobes of the left lung; 
organizing pneumonia of the upper lobe of the left lung; involvement 
by Hodgkin’s disease of the left visceral and parietal pleura and of the 
parietal pericardium ; involvement by Hodgkin’s disease of the tracheo- 
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bronchial lymph nodes, bilateral, the mediastinal, peripancreatic, peri- 
aortic, and right iliae lymph nodes and of the spleen; serofibrinous 
pleurisy, left (1000 ¢.c.) ; atelectasis of the left lung; hydrothorax, right 
(1400 ¢.c.) ; hypertrophy of the right ventricle of the heart. 


DISCUSSION 


The case presented the four most common early symptoms of Hode- 
kin’s disease which are: weakness, weight loss, cough, and fever.! 
Pain in the chest, a common symptom, occurred later. The widening 
of the upper mediastinum associated with a diffuse infiltration of the 
left lung was highly suggestive roentgenologie evidence of Hodgkin’s 
disease. Repeated failure to find tubercle bacilli in the sputum or 
pleural fluid aided greatly in the differential diagnosis. 

The ideal procedures to establish a diagnosis of Hodgkin’s disease 
of the bronehi are laminagraphie x-ray films, visualization of the bronehi 
with lipiodol, and bronchoscopy with biopsy. 

Roentgen irradiation is the treatment of choice but should be used 
only to relieve severe symptoms. Initial doses of irradiation are usually 
effective in decreasing the size of the masses of Hodgkin’s tissue. How- 
ever, the danger of edema as an acute effect must be considered in 
treating obstructive masses of Hodgkin’s tissue in the respiratory tract. 
This danger is unusually great in the treatment of Hodgkin’s disease 
of the bronchus. 

SUMMARY 


The clinical and pathologie features of a ease of Hodgkin’s disease 
involving the mucosa of a bronchus are presented. Masses of Hodgkin’s 
tissue projected into the lumen of a bronchus and simulated the appear- 
ance of ecareinoma. 
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BRONCHOSCOPIC COLLECTOR 


G. S. Pesquera, M.D. 
Mr. McGrecor, N. Y. 
A SPECIMEN collector designed especially for bronchoscopic work 
is presented (Fig. 1). This gadget consists of a screw-top glass 
container and an especially constructed peteock. The container can be 
made of different lengths so that the collector may be used for other 


purposes. 


\ 


wie ib) 


Pigs. 


The petcock (Fig. 2C) is designed so that when placed in one position 
(A), a direct passage through the peteock, without any connection with 
the container, is established. When placed in the opposite position (B), 
one side of the petcock becomes an inlet to the collector bottle and the 
other side the outlet for exhaust. Midway between these positions all 


connectors are closed. 
MANIPULATION 


The collector is connected to the suction tube on one side and to the 
bronchoseope on the other. Held in the left hand with thumb and index 
finger over the movable flange (Fig. 3), it is then set at ‘‘closed’’ and 
the vacuum in the system is thus built up or conserved. 

With the bronchoscopic ‘‘sucker’’ in the right hand and the collector 
in the left, the nurse can serve the operator at an instant’s notice. First, 
by turning the flange (with thumb and finger) toward ‘‘suection.’’ If 
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a specimen is desired, the flange is turned to the ‘‘specimen”’ side in the 
manner described for suction. After each operation the flange is re- 
turned to ‘‘closed.’’ 

If a change of receptacle is required, this is done by removing the glass 


part and replacing it with a similar one. 














Fig. 4. 


The uses of the collector are varied (Fig. 4). By attaching a needle 
at A and syringe at B, specimen from all cavities can be obtained by 
aspiration. Anesthesia in the syringe is injected, with peteock at ‘‘sue- 
tion,’’ until site for aspiration is located, at which time the flange is 
turned to ‘‘specimen.’’ On drawing the syringe plunger the specimen is 
collected in the container. 





